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LETTER 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


The  Annual  Report  of  the  Board  of  Regents  of  the  fnstiiution  for 
th€  year  e}iding  June  SO,  1901. 


Smithsonian  Institution, 
Waahingtmi,  D.  C,  Januart/  30,  190^. 
To  the  Congreea  of  the  United  States: 

In  accordance  with  section  5593  of  the  Bevised  Statutes  of  the 
United  Statas,  I  have  the  bonor,  in  behalf  of  the  Board  of  Regents,  to 
stibmit  to  Congress  the  Annual  Report  of  the  operations,  expenditures, 
and  condition  of  the  Smithsonian  Institution  for  the  year  ending  June 
30,  1901. 

I  have  the  honor  to  be,  very  respectfully,  your  oliedient  servant, 
S,  P.  LAN»LEr, 
Secretary  ofthj:  Sinithmiiian  Iimtitutttm. 
Hon.  William  P.  Frtb, 

I^-esidtmt  pro  temjwre  of  the  Senate. 
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ANNUAI  REPORT  OF  THE  SMrTHSONIAN  INSTITUTION 
FOR  THE  YEAR  ENDING  JUNE  30,  1901. 


1.  Proceedings  of  the  Board  of  Regents  for  the  sc&sion  of  January 
23,  1901. 

2.  Report  of  the  executive  committee,  exhibiting  the  financial  affaii-s 
of  the  Institution,  including  a  atat£ment  of  the  Smithson  fund,  and 
receipts  and  expenditures  for  the  year  ending  June  30,  1901. 

3.  Annual  report  of  the  Secretary,  giving  an  account  of  the  opera- 
tions and  condition  of  the  Institution  for  tti^  year  ending  June  30, 
1901,  with  statistics  of  exchanges,  etc. 

4.  General  appendix,  comprising  a  Nolcction  of  misoollancous  mem- 
oirs of  interest  to  collaborators  and  correspondents  of  the  Institution, 
teat'hers,  and  others  engaged  in  the  promotion  of  knowledge.  These 
memoir.^  relate  chiefly  to  the  calendar  year  1901. 
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THE  SUITHSONIAIV  DTSTITUTlOir. 


MEMBERS  EX  OFFICIO  OF  THE  ''ESTABLISHMENT." 


William  MrKiNLBV,  President  of  th«  United  States. 
Tbbodobb  Koohevklt,  Vitt'- President  of  the  L'niteil  states. 
HE1.VILLB  W.  Fl-ller,  Chief  Justice  of  the  United  States. 
John  Hav,  Secretary  of  State. 
LvHAN  J.  Gaob,  Secretary  of  the  Treanury. 
Elihu  Boot,  Secretary  of  War. 
Philander  C.  Knox,  Atlomey-General. 
CHARLffi  Emokv  Smith,  Poetnia«ter-Genet«l. 
John  D.  Long,  Secretary  of  the  Navy. 
'  E.  A.  HrrcHcocK,  Secretary  of  the  Interior. 
Jambs  Wiixon,  Secretary  of  Agriculture. 


REGENTS  OF  THE  INSTITUTION. 

(Liet  given  on  the  following  page.) 

OFFICERS  OF  THE  INSTITUTION. 

Samuel  P.  Langlbv,  Secrrlary, 

Director  of  the  JnMUulion  and  qfthe  U.  .S.  JVoitonai  Jftunim. 

Richard  Ratsbvu,  Auietant  Secretary. 
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RECiENTS  OF  THE  SMITHSONIAN  INSTITUTION. 


By  the  oi^oizing  act  approved  August  10,  18411  (Ro\i»c<i  Statutes, 
Title  LXXIII,  section  5580),  "The  busioews  of  the  InHtitutioii  shall 
be  conducted  at  the  city  of  Washington  liy  a  Board  of  Kcgetits.  named 
the  Regents  of  the  Smithsonian  Institiitlon,  to  be  composed  of  the 
Vice-President,  the  Chief  Justice  of  the  United  States,  three  members 
of  the  Senate,  and  three  members  of  the  House  of  Representatives, 
tf^ther  with  six  other  persons,  other  than  members  of  Congress,  two 
of  whom  shall  be  resident  in  the  city  of  Washington  and  the  other 
four  shall  be  inhabitants  of  some  State,  but  no  two  of  the  same  State. 


REGENTS  FOR  THE  YEAR  ENDINC  JUNE  SO,  190!. 

The  Chief  JueUce  of  the  United  States: 

MELVILLE  W.  FULLER,  elected  Chancellor  and  President  of  the  Board,  Jan- 
nary  9,  18S9. 
The  Vice-President  of  the  United  States: 

THEODORE  ROOSEVELT. 
United  Slatee  Senatore:  Tertn  eiplrto. 

SHELBY  M.  CULLOM  (appointed  Mar.  24,  1886,  Mar.  28,  1888, 

Dec.  18,  1895,  and  Mar.  7,  1901) Mar.    3,1907 

ORVILLE  H.  PLATT  (appointed  Jan.  Ifi,  1899) Mar.   3,1903 

WILLIAM  LINDSAY  (appointed  Mar.  .1,  1899) Mar.    3,1901 

FRANCIS  M.  COCKRELL  (appointe<l  Mar.  7,  1901) Mar.    3,19a5 

Members  of  the  House  of  RepreHentatives: 

ROBERT  R.  HITT  (appointed  Aug.  11, 1893,  Jan.  4,  1894,  Dec. 

20,  1895,  Dec.  22,  1897,  and  Jan.  4,1900) Deo.  2.%  1901 

ROBERT  ADAMS,   Tb.  (appointed  Dec  20,  1895,  Dec.  22,   1897, 

and  Jan.  4,  1900) Deo.  2.5,1901 

HUGH  A.  DINSMORE  (appointed  Jan.  4,  1900) Dec.  2.'>,  1901  • 

(^tJKens  of  a  State: 

JAMES  B.  ANGELL,  of  Michigan  (appointe<lJan.  19,  1R87,  Jan. 

9,  1893,  and  Jan.  24,  1899) Jan.  24,1905 

ANDREW  D.  WHITE,  of   New  York   (appointed   Kel>.  15,  1888, 

Mar.  19,  1894,  and  June  2,  1900) June  2,1906 

RICHARD  OLNEY  (appointed  Jan  24,  1900) Jan.  24,1906 

Citizens  of  Washington: 

JOHN  B.  HENDERSON  (appointe<i  Jan.   28,  1892,  and  Jan.  24, 

1898) Jan.  24,1904 

WILLIAM  L.  WILSON  (appointed  Jan.  14,  189S;  died  Oct.  17, 

1900). 

ALEXANDER  GRAHAM  BELL  (appointed  Jan.  24,  1898) Jan.  24,190* 

GEORGE  GRAY  (appointed  Jan.  14,  1901) Jan.  14,1907 


EzeciUive  (irmmiilee  of  the  Board  of  Regents. 
3.  B.  Hbhduison,  Chairman. 


PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  AT  THE 
ANNCAL  MEETING  HELD  JANUARY  23,  1901. 


In  accordance  with  a  resolution  of  the  Board  of  Regents,  adopted 
January  8,  1890,  by  which  its  annual  meeting  occurs  on  the  fourth 
Wednesday  of  each  year,  Uie  Board  met  to-day  at  10  o'clock  a.  m. 

Present:  The  Chief  Justice,  the  Hon.  M.  W.  Fuller  (Chancellor),  in 
the  chair;  the  Hon.  O.  H.  Piatt;  the  Hon,  William  Lindsay;  the  Hon. 
R.  R.  Hitt;  the  Hod.  Robert  Adams,  Jr. ;  the  Hon.  Hugh  A.  Dinsmore; 
Dr.  J.  B.  Angell;  Dr.  A.  Graham  Bell;  the  Hon.  Richard  Olney;  the 
Hon.  George  Gray;  and  the  Secretary,  Mr,  S.  P.  Langley. 

Excuses  for  nonattendance  were  read  from  the  Hon,  William  P. 
Frye  and  the  Hon.  J.  B.  Henderson,  on  account  of  illness. 

At  the  suggestion  of  the  Chancellor  the  minutes  of  the  last  annual 
meeting  were  read  in  abstract,  and  there  being  no  objection,  they  were 
declared  approved. 

The  Secretary  announced  the  death  on  October  17,  1900,  of  Dr. 
William  Lyne  Wilson,  and  stated  that  Mr.  Henderson  bad  very  much 
desired  to  present  some  personal  remarks  on  the  occasion,  but  that 
his  illness  had  prevented  him  from  attending  the  meeting. 

Mr.  Boll  then  offered  a  series  of  reisolutions,  wiich  will  be  found    • 
under  the  heading  "Necrology,"  on  p^e  51  of  this  report 

The  resolutions  were  adopted  by  a  rising  vote.  Mr,  Hitt  then  stated 
that  he  had  received  a  request  from  Mr,  Henderson  to  ask  the  Board's 
pennission  to  file  later  u  memorial  to  l>e  spread  upon  the  minutes. 
On  motion,  the  permission  was  granted. 

The  Secretary  read  acknowledgments  from  Mrs.  Margaret  A. 
Johnston  and  Mrs.  Jennie  T.  Hot»art  of  the  resolutions  adopted  by 
the  Board  on  account  of  the  death  of  Dr.  William  Preston  Johnston 
and  of  Vice-President  lloliart. 

APPOINTMENT  OF   REOENT6. 

At  t^e  last  meeting  the  Secretary  announced  that  a  resolution 
appointing  the  Hon.  Richard  Olney  a  regent  to  succeed  the  late  Dr. 
William  Preston  Johnston  had  passed  Congress,  but  was  still  in  the 
hands  of  the  President.  The  President's  approval  was  given  on  the 
day  of  the  meeting,  January  24,  but  it  was  then,  of  course,  too  late 
to  notify  Mr.  Olney  and  secure  his  attendance.  ^  it^t^olc 
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The  tenn  of  Dr.  Andrew  D.  White  having  expired,  he  was  reap- 
pointed to  succeed  hini^ielf  by  a  joint  lesohition  of  Congress  approved 
June  2,  1900. 

The  vacancy  in  the  Board,  caused  by  the  death  of  Dr.  William  L. 
Wilson,  has  been  filled  by  the  appointment  of  the  Hon.  George  Gray, 
through  a  joint  resolution  approved  January  14,  1901. 

The  Secretary  read  a  letter  of  acceptance  from  Dr.  Andrew  D. 
White,  at  present  United  States  ambassador  to  Germany. 

The  Secretary  presented  bis  annual  report  to  June  30,  1900,  calling 
the  attention  of  the  Regents  to  the  fact  that  it  contained  an  at^rount 
of  every  important  part  of  the  affairs  of  the  Smithsonian  Institution 
during  the  past  year  prepared  by  himself,  but  supplemented  by  full 
reports  from  the  gentlemen  in  charge  of  the  various  bureaus.  He 
would  particularly  call  their  attention,  among  numerous  matters  in  the 
report,  to  the  subject  of  the  Exchanges.  He  then  detailed  the  facts 
of  the  applications  of  the  Institution  through  our  ambassadors  at 
London,  Paris,  and  Berlin,  in  the  interests  of  the  Government. 

The  Secretary  spoke  about  the  Zoological  Park  and  the  desirability 
that  the  Government  would  place  in  that  city  of  refuge  for  the  van- 
ishing animal  races  of  the  North  American  continent  some  specimens 
of  the  giant  animals  of  Alaska,  which  were  now  going  the  way  that 
tbe  buffalo  had  gone.  He  then  asked  the  attention  of  the  Re;x<^nts  to 
a  subject  of  minor  importance,  but  of  some  interest,  alluded  to  in  the 
report  under  the  title  of  the  Children's  Room. 

On  motion,  the  report  was  accepted. 

Mr.  Hitt  here  said  that  he  desired  to  bring  before  the  Board  the 
knowledge  of  certain  proceedings  which  had  taken  place  at  the  Univer- 
,  sity  of  Cambridge  in  England  when  the  Secretary  had  received  the 
honorary  degree  of  doctor  of  3cien<-e.  This  hod  been  conferred  in  con- 
nection with  an  oration  in  I/atin  delivered  by  the  public  orator,  and 
which  Mr.  Henderson,  whom  they  knew  to  be  a  scholar  who  loved  the 
tasks  of  soholai-ship,  had  translated  into  such  English  as  Honnre  would 
have  used  if  he  had  to  speak  in  that  tongue,  Mr.  Henderson  had 
sent  him  a  copy  of  this,  and  he  now  presented  it  to  the  Board  with  a 
request  that  it  be  placed  upon  the  minutes.  Mr.  Hitt  then  read  the 
following  translation: 

From  across  the  Atlantic  there  ha«  very  recently  been  bome  to  ua  a  aian  dixtin- 
guiehed  in  the  world  of  acience— one  who  but  lately  has  publishf^  a  moKt  intert«t- 
iag  and  useful  work  on  astronomy.  In  the  city  which  ie  the  capital  of  the  greatest 
transmarine  republic  many  important  duties  are  cointiiitl«d  lo  his  care;  First,  the 
BupervisioD  of  a  great  uiuteum  aliiniantly  filled  with  objects  of  natural  history; 
next,  the  admiDistralion  of  an  insiitniion  tbe  most  celebrated  for  the  increase  and 
diffusion  uf  knowled);e  among  men;  and,  lastly,  the  control  of  an  oW'rvatory  with 
instninien Is  designed  fur  the  puipoe  of  dissecting  and  analyzing  the  light  of  the 
stare.  It  Is  said  that  below  the  iid  rays  of  the  s|>e<'trum  there  are  other  rays,  unde- 
tecteti  by  the  sharpest  vision,  but  u  hich,  throu};h  the  genius  of  this  man,  aided  by 
an  instrument  discovered  by  him  and  named  a  "bolometer,"  have  been  gradually 
devfioped  and  made  plainly  visible.  ' 
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No  one  will  wonder  that  &  man  thos  fond  of  commoning  with  the  »tin  ehonld  aim 
be  moved  by  a  great  desire  to  fly  from  earth,  eo  great  indeed  that,  as  if  by  wings 
attached,  be  hae  actually  been  enabled  to  imitate  the  flight  of  birds  for  a  distance 
exceeding  S,000  feet  Not  fearing,  perhaps,  tbe  fate  of  Icarus,  he  may  yet  be  able 
himself  to  make  good  tbe  vision  of  Horace,  tbe  poet: 

"On  strong  but  unaccustomed  wings  I  fly. 
And  soar  as  bird  and  man  through  liquid  sky." 

Perhaps,  impatient  of  this  world's  affairs  and  longing  for  celestial  onn,  he  may 
well  be  embol<lened  to  fly  from  earth  and  take  his  pUce  among  the  stars. 

I  present  to  you  Samuel  Fierpont  Langley. 

On  motion,  the  Latin  address  of  the  public  orator  and  the  tranelation 
of  Mr.  Hendereon  were  directed  to  be  placed  upon  the  records. 

Cambridge,  October  11, 1900. 

The  following  is  the  speech  delivered  by  the  public  orator  in  pre- 
senting Mr.  Samuel  Pierpont  I-angley  for  the  degree  of  doctor  in 
science  honoris  causa: 

Trans  Mqaor  Atlanticum  ad  noe  nnper  advectue  est  vir  edeotiaram  in  provinuia 
insignis,  qui  etiam  de  astronomia  recentiore  libmm  putcherrimDm  conscripeit  In 
nrbe  quod  reipublicae  maximae  trancmarinae  caput  est,  viri  buiusce  cnrae  m'ulta 
mandata  sunt;  primum  museum  maximum  rerum  naturae  spoliis  qnam  plurimia 
omatum;  d^nde  inslitutum  celeberrimum  sdentiae  et  augendae  et  divulgandae  dee- 
tinatum;  denjquearxet  spetiutaquaedam  atellamm  lumini  inpartessnasdistriboendo 
dedicata.  Luminis  in  spectro,  ut  aiunt  infra  radios  rubros  radii  alii  qui  oculorum 
aciem  prorsus  effuginnt,  viri  huiusce  ing«nio,  inetruroenti  novi  auzilio  quod 
PokofitTpoy  nominavit,  paulatim  proditi  et  pat«facli  sunt.  Nemo  mirebitur  viram 
steUarum  ohser^-andarum  amore  Unio  affectum,  etiam  e  terra  volandi  desiderio 
ingenti  esse  commntum,  adeo  ut,  quasi  alls  novis  adbibitis,  plus  quam  trium  miUdm 
pedum  per  spatiuin,  etiam  avium  volatum  aemulari  potuerit.  Fortasse  allquando, 
Icari  eortem  non  vei-'tus,  etiam  Horati  praesagia  ilia  sibi  ipei  vendicabit. 
"non  usitata  nee  tenui  ferar 
penna  biformis  per  liquidum  aethera." 

Fortasse  rerum  terrpptrium  impatiens,  rerum  caeletilium  avidos,  ansus  erit  e  terris 
"volareeideris  in  numsrum,  atqueaICo  succedere  caelo." 

Duco  ad  voe  Samuelem  Pierpont  I.angley. 

In  the  absence  of  Mr,  Henderson  Mr.  Bell  present«d  tbe  report  of  the 
Executive  Committee  to  June  30, 1900,  which,  on  motion,  was  adopted. 

The  Chancellor  atated  that  a  vacancy  existed  in  the  Executive  Com- 
mittee, caused  by  the  death  of  Dr.  Wilson. 

Senator  Piatt  then  offered  the  following  resolution: 

SfMtlred,  That  the  vacancy  in  the  Executive  Committee  caused  by  the  death  of 
Dr.  William  Lyne  Wilson  be  filled  by  the  election  of  the  Hon.  R.  R.  Hitt 

Oq  motion  the  resolution  was  adopted. 

Mr.  Bell  then  offered  the  following  customary  resolution  relative  to 
income  and  expenditure: 

Saolved,  That  theincom«of  the  Institution  for  the  fiscal  yearending  JuneSO,  1002, 
be  appropriated  for  the  service  of  tbe  Institution,  to  be  expended  by  the  Secretary, 
with  the  advice  of  the  Executive  Committee,  with  full  discretion  on  the  part  of  the 
Secretory  as  to  it«ms.  r  ,,„„,,     Coiwlc 

On  motion  the  resolution  was  adopted.  o 
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REPORT  OF  THE   PBEMANENT   OOMMrxTEE. 

In  the  absencfi  of  Mr.  Henderson,  Cbainnan  of  the  Permanent  Com- 
mittee, the  Secretary  made  the  following  statement: 

The  Hodgkina  Fund.— The  Ilodgkins  Fund  now  amounted  to  about 
1250,000,  $208,000  of  which  was  deposited  in  the  general  funds,  the 
remainder  being  held  in  lirst-class  bonds.  About  $10,000  more  was 
held  in  New  York  to  meet  possible  litigation,  but  the  indications  were 
liiHt  the  Institution  would  receive  this  also.  There  were  also  two 
bouses  of  small  value  which  would  probably  net  the  fund  about  $1,600. 

Thd  Avery  F^md. — This,  as  well  as  other  matters  of  the  kind,  were 
being  looked  after  by  the  attorney  of  the  Institution,  Mr.  F,  W. 
Hackott,  who  H'ports  satisfactory  progress.  As  to  the  value  of  this 
Avery  estate,  the  Secretary  had  rotjuested  an  approximate  valuation 
from  Mr.  Fox,  the  real-estate  agent  who  bad  charge  of  the  property, 
and  who  stated  the  same  at  about  $26,000.  Mr.  Fox  had  written  that  if 
the  United  States  Supreme  Court  Building  were  placed  directly  north 
of  the  Congressional  Library  the  value  of  part  of  the  property  would 
be  greatly  increased.  This  property,  most  of  which  was  idle,  was 
yielding  an  income  of  something  like  $500  a  year. 

The  Andrews  Bequest. — This  matter  had  been  laid  before  the  Board  at 
its  last  meeting,  and  Mr.  Hackett  has  reported  that  the  estate  would 
probably  amount  to  something  like  a  million  of  dollars.  No  active 
steps  OS  yet  hod  been  taken  in  Ohio  looking  to  an  application  of  this 
money  for  the  establishment  of  an  institution  for  the  free  education  of 
girls.  It  was  by  no  means  certain  that  the  elaborate  system  formulated 
in  the  will  was  capable  of  being  put  into  successful  operation.  The 
Secretary  here  quoted  from  Mr.  Hat^kett's  report: 

It  may  be  needful  before  long  Ui  institute  u  friendly  suit  in  New  York  U>  aac^rtain 
under  the  laws  whether  the  lt!Kacy  be  a  valiil  one  to  the  Ohio  corporation,  or  rather 
to  the  corporaUon  that  tlie  will  itaya  ehall  Im)  created  in  Ohio.  I  ehall  make  tbia  the 
subject  of  a  separate  letter  to  you  in  a  few  days.  Meanwhile,  as  a  report  to  the 
Regents  of  the  progreM  making  in  this  businenB,  I  will  say  that  I  am  giving  more  or 
less  attention  from  time  to  time  to  the  will  and  ilu  legal  aspects,  and  also  am  in  touch 
with  the  couneel  for  the  executor. 

The  Spratjue  Betiuett. — The  Secretary  now  stated  ^at  he  had  the 
agreeable  duty  of  bringing  before  the  Regents  the  fact  of  another 
legacy  to  the  Institution  by  Mr,  Joseph  White  Sprague,  whose  last 
place  of  residence  was  in  the  city  of  Louisville,  Ky.,  but  who  died  in 
Italy  in  June,  1900.  Under  the  provisions  of  his  will,  which  had  been 
offered  for  probate,  certain  personal  effects  were  bequeathed  to  rela- 
tives, and  all  the  remainder  of  his  estate,  both  real  and  personal,  to  his 
nephew,  Seth  Spr^uc  Terry,  in  trust  to  convert  the  personalty  into 
money  and  dbtribute  85  per  cent  of  the  profits  of  the  entire  estate 
among  certain  devisees  named  in  the  will,  and  their  relatives,  until 
twenty  years  after  the  death  of  the  last  of  said  devisees,  whenth^trjist 
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expired  by  limitation  and  all  assets  in  the  hands  of  the  trustee  were  to  be 
conveyed  to  the  United  States  of  America  to  he  held  aa  a  portion  of  the 
furids  of  the  Smithsonian  Institution,  and  to  i>e  known  as  the  "  Sprague 
Fund."  One-half  of  the  income  of  this  fund  was  to  be  added  to  the 
principal  each  year;  the  other  half  to  be  expended  under  the  direction 
of  the  Institution,  in  such  manner  as  would  "  best  promote  the  advance- 
ment of  the  physical  sciences"  by  the  giving  of  free  lectures,  provid- 
ing laboratory  facilities  for  original  scientific  research,  publishing  the 
results  of  such  researches,  or  by  awarding  medals  or  other  rewards 
for  meritorious  ditK«veries.  The  half  of  the  gross  income  authorized 
to  be  expended  annually  in  this  manner  was  to  be  cumulative,  and  any 
portion  not  expended  during  one  year  might  be  expended  during  any 
subsequent  year.  . 

The  Secretary  continued  that  it  had  not  yet  been  possible  to  obtain 
an  inventory  of  the  value  of  the  estate,  but  he  might  mention  that  in 
a  newspaper  estimate  it  was  represented  at  $200,000. 

TWO-HUNDEEDTH   ANNTVEEaAHr  OF  THE   ROYAI,   FKU88IAN   ACAUEHT  OF 
8CIENCES. 

The  Royal  Prussian  Academy  of  Sciences  having  invited  the  Smith- 
sonian Institution  to  participate  in  the  celebration  of  the  two-hundredth 
anniversary  of  its  foundation,  on  the  19th  and  20th  of  March,  1900, 
the  Hon.  Andrew  O,  White,  United  States  Ambassador  at  Berlin,  and 
member  of  the  Board  of  Regents,  was  requested  to  represent  tlic  Insti- 
tution on  this  noteworthy  occasion.  A  suitably  engrossed  address, 
conveying  the  congratulations  of  the  In^^titution,  and  transmitted 
through  the  Department  of  State  to  Dr.  White,  was  presented  by  him 
to  the  Prussian  Academy  and  cordially  acknowledged  in  terms  of  which 
the  following  is  a  summary: 

The  Rtiyal  I'niBsian  Aowlumy  expreseea  the  most  sincere  thanka  for  the  interest 
the  Smithsonian  Inetitution  has  taken  in  tlie  celebration  of  its  two-hundreilth  anni- 
versary. The  expremioQ  of  this  friendly  interest  lias  abided  greatly  tt)  the  paccem 
and  plessure  of  these  cuniniemorative  exercises  throughout  their  entire  course. 

For  a  lasting  memorial  of  this  anniversary  the  Academy  Bends  a  description  of  the 
[estiva),  which  it  begx  the  Institution  to  place  in  its  archives.  This  record  will 
derive  its  chief  value /mm  the  addresses  and  memorials  altachetl  to  it. 

An  interesting  letter  from  Dr.  White  was  laid  before  the  Regents. 
It  described  the  exercises  as  having  been  of  an  exceptional  interest. 
They  took  place  in  the  Royal  Palace,  where  the  King  and  Emperor 
received  the  entire  body  of  guests  in  state,  surrounded  by  the  high 
functionaries  of  the  Kingdom  hearing  the  Royal  insignia,  while  the 
monarch  from  the  throne  delivered  a  very  interesting  address  of  wel- 
come. Later  there  were  entertainments  in  honor  of  the  delegates  not 
only  by  the  King,  but  by  the  Chancellor  of  the  P-mpire  and  others. 
On  the  second  day  occurred  a  general  reception  in  the  great  hall  of 
m  1901 11  C'.ODgIc 
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the  Prussian  legislatuiB,  which  was  also  very  imprpsMive.  The  whole 
occasion  was  most  interesting  and  everything  was  most  admirably  done. 
The  Secretary  added  that  Dr.  White  bad  further  said  in  conversation 
that  in  all  his  experience  as  a  minister  to  Kuropean  coui-ts  he  had  never 
seen  so  imposing  a  display  of  ceremonial  magniticence. 

MR,    bell's   resolution. 

Under  the  head  of  untinished  business  the  Chancellor  called  up  the 
resolution  offered  at  the  last  meeting  by  Mr.  Bell, 

Mr.  Bell  said  that  he  thought  the  Institution  could  not  afford  to 
remain  silent  on  the  subject  of  the  great  questions  aroused  by  the 
National  [Jniveraity  project,  and  that  some  expression  of  the  good  will 
of  the  Institution  at  least  might  well  be  given.  He,  therefore,  desired 
to  withdraw  the  resolution  offered  Inst  3'ear  and  to  subntttute  for  it  the 
following,  which  was  satisfactory  to  the  Excirutivc  Committee: 

In  order  to  facilitate  the  utiliiation  of  the  Govemtnent  Departmenta  (or  the  pur- 
poees  ot  research — in  extension  of  the  policy  enunciated  by  ConftrcBa  in  the  joint 
resolution  approved  April  12, 1892: 

Reioti'ed,  That  it  ia  tlic  semwol  the  Board  that  it  is  desirable  that  CongresB  extend 
this  resolution  bo  as  I0  afford  facilities  for  Htudy  to  all  pro[)erly  qualified  students  or 
graduates  of  univeraities,  other  than  thoee  mentioned  in  the  resolution,  and  provide 
for  the  appointment  of  an  officer  whose  duty  it  ehall  be  to  ascertain  and  make 
known  what  facilities  for  research  exist  in  the  Government  Departments,  and 
arrange  with  the  heads  of  the  Departuientu,  and  with  the  officers  in  charge  of  Gov- 
ernment collections,  on  terms  satisfactory  to  them,  rules  and  regulations  under 
which  suitably  quaJiSed  i>ersons  may  have  access  to  these  collections  for  the  purpose 
of  research  with  due  regard  to  the  needi^  and  requirements  of  the  work  ot  the  Gov- 
ernment; and  that  it  shall  also  Tie  his  duty  to  direct,  in  a  manner  satisfactory  to  the 
beads  ot  such  Departmenta  and  officers  in  charge,  the  researches  of  such  persona 
into  lines  which  will  pnVmole  the  interests  of  the  Government  and  the  development 
of  the  natural  resource?,  agriculture,  manufactures,  and  commerce  of  the  country, 
and  (generally)  prom-ite  the  progress  of  science  and  the  useful  arts,  and  the  increase 
and  diffimion  of  knowletlge  among  men. 

After  some  discussion  by  the  Regents,  on  motion  the  resolution  was 
adopted, 

REMOVAL    0¥   SMITH  SON  "s   I 


The  Secretary  stated  that  he  had  received  the  following  letter: 

7  Via  Garibauii, 
(jVhwi,  24  NorcmlHT,  I'JOO. 
Samubi.  PiERPONT  I.ANGi.BY,  Esq.,  LL.  D.,  D.  0.  L., 

SinUlaoniiin  fimt'liilion,  Wnshingdni. 
Dear  Sik:  The  Committee  of  the  British  Burial  Ground  of  Genoa  (of  which,  as 
you  are  aware.  Her  Majesty's  consul  is  chairman),  fully  real ir.ing  how  keenly  you  are 
interested  in  all  that  concerns  the  resting  place  of  the  res|M;cte<l  FouiKh-r  of  your  Instf- 
tution,  has  ileputeii  nie  to  write  to  you  and  lay  liefore  you  the  present  [xisition  of  onr 
cemcterj'. 

It  will  lie  in  your  recollection  that  when  I  a^'companicd  you  some  years  ago  up  to 
the  hei>!hts  of  San  Benigno  you  were  struck  by  the  enonnous  quarry  which  was 
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slowly  but  Hurely  eating  its  way  towanl  uh  trrtni  the  aea  througli  the  rocky  side  of 
Ihe  hill  on  which  we  stand,  and  the  excavation  has  lately  <«mc  »>  close  to  ua  that 
the  intervention  of  the  consul  becaitie  neceHsary  tn  arrent  further  advance,  on  the 
plea  that  our  property  would  be  en<langere<l  if  the  quarryiii);  were  i^rrieil  on. 

Actual  blasting  has  in  fact  been  put  an  end  Ui  for  the  preHent,  and  th«  cemetery 
(although  the  Imumiary  wall  i»  n<)W  on  the  very  etltte  of  the  excavation)  remains 
untouched,  but  tlie  local  aiitl»>ritieit  who  are  the  owners  of  the  quarry  have  given  us 
to  uuderatand  that  they  neiwl  more  stone  for  their  harl>or  works  and  are  therefonj 
anxious  to  see  our  graves  transfcrreil  from  the  position  they  now  owupy,  for  which 
purpose  they  would  give  us  a  suitable  piece  of  ground  Id  another  part  of  the  town 
and  would  also  undertake  the  due  and  fitting  transport  of  the  remains.  Sliould  our 
answer  be  in  the  negative,  it  is  intimated  to  us  that  in  five  years'  time,  in  1905,  the 
term  for  applying  the  law  for  public  utility  (twenty  years  after  the  date  of  the  last 
burial)  will  have  been  reacheil,  an<l  we  shall  tlien  have  to  give  up  of  necessity  what 
we  are  now  askecl  to  yield  as  a  concession. 

UiKler  the  cirtmroi'tanceB  the  committee  have  deci<led  that  it  is  their  best  policy,  in 
the  int(^re»it  of  all  iTOucerneil,  to  t>cgin  to  negotiato  at  once  for  the  transfer  on  a  decor- 
ous footing  of  the  Brittsh  Cemeterj'  and  all  its  tombs,  and  although  some  consider- 
able time  may  elapse  liefore  this  transfer  is  accomplished,  yet  it  is  evident  that  the 
time  has  now  come  for  us  to  ask  you  to  prepare  your  decision  as  to  what  is  to  be 
done  with  regard  to  the  James  8mith»on  remains.  Are  they  to  be  laid  with  all  poe- 
aible  care  and  reverence  in  new  ground  here,  or  are  they  to  be  conveyed  to  the 
United  SutesT 

Awaiting  the  pleasure  of  your  reply,  I  heg  to  remain. 
Very  faithfully,  youis, 

E.  A.  Le  Mescribr. 

The  Secretary  said  that  the  cemetery  referred  to  was  not  the  cele- 
brated Campo  Santo  of  Genoa,  but  a  very  small  one  in  the  care  of  the 
Britiah  consul  and  the  English  church,  situated  in  an  elevated  and  iso- 
lated spot,  and  that  no  interment  had  occuired  there  for  many  years. 
The  Regents  had  formerly  authorized  the  placing  of  a  bronze  tablet 
on  Smithson'H  tomb,  which  had  been  done. 

The  Secretary  here  exhibited  photographs  of  the  tomb,  showing  the 
bronze  tablet  in  position.  Recently  word  had  I)ecn  received  that  tlie 
bronze  tablet  had  been  stolen,  but  orders  had  been  given  to  repkce  it 
by  a  marble  one. 

After  some  discussion,  in  which  the  desirability  of  liringing  the 
remains  to  tfai.s  country  was  adversely  wnsidcred,  the  following  res- 
olution, offered  by  Mr.  Adams,  was  adopted: 

Rttulved,  In  view  of  tJie  pro|)OBed  abolition  of  the  English  cemetery  at  (ienoa, 
which  contains  the  remains  of  James  Sniithson,  that  the  Secretary  be  retjuested  to 
arranje  either  with  Ihe  English  church  or  with  the  authorities  of  the  national  bury- 
ing ground  at  (ienoa  for  the  reinterment  of  Smithsnn's  remains  and  the  transfer  of 
the  original  monument. 

SBCBETART'a  STATEMENT. 

Experiments  in  AenxJromicB — EcHpae  ej^j>edi/ion.—The  Secretary 
stated  that  in  view  of  the  lateness  of  the  hour  he  would  pass  over 
some  of  the  matters  about  which  he  had  intended  to  speak,  amoud.> 
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others  the  continuation  of  his  experiments  in  aerodi'omicH,  which,  with 
the  consent  of  the  Regents,  he  was  making  for  the  War  Department, 
and  of  the  results  of  the  eclipse  expedition  of  May,  1900,  further  than 
to  saj'  in  regard  to  the  latter  that  they  were  of  rather  more  than 
ordinary  importance;  that  they  had  left  one  or  two  interesting  but 
unsettled  queKtions,  particularly  that  as  to  the  possibilities  of  the 
observation  of  Intramercurial  planets,  which  had  determined  him  to 
send  out  a  small  expedition  to  Sumatra  to  settle  these  questions  on  the 
occasion  of  the  exceptionally  important  eclipse  of  the  sun  in  May  of 
the  present  year. 

Ur  ofilu-  Chaldees.— In  October,  1899,  Dr.  Edgar  James  Banks,  of 
Cambridge,  Mass.,  bad  written  to  inquire  whether  the  Smithsonian 
Institution  would  accept  a  collection  of  Babylonian  antiquities,  if  such 
could  be  procured.  He  stated  that  he  hoped  to  be  able  to  secure  val- 
uable material  by  excavating  at  the  town  of  Mugheir,  situated  on  the 
Euphrates  River,  which,  according  to  tradition,  is  the  site  of  Ur  of 
the  Chaldees,  from  which  Abraham  came.  Being  satisfied  aft^^r  inves- 
tigation of  the  standing  of  Dr.  Bantcs,  and  one  of  the  Regent««  of  the 
Institution  being  among  the  vice-presidents  of  his  association,  tlie  Sec- 
retary accepted  his  proposition,  which  committed  the  Institution  to 
nothing  but  the  receipt  of  the  finds.  One  of  the  employees  of  the 
National  Museum  would  be  of  the  party  and  wi)uld  collect  ethnological 
and  natural  history  specimens.  Any  prediction  with  regard  to  the 
expedition  must  be  premature,  but  it  might  be  said  that  this  site,  if 
correctly  chosen,  was  one  of  the  most  importance  for  students  of  the 
Bible  and  of  ancient  hbtory  yet  to  be  examined,  and  that  there  was 
rea^sonable  expectation  that  the  Institution  would  reap  a  reward. 

SiiiUfmonian  deptmi  in  the  Library  of  Congrfnt.— The  Smithsonian 
deposit  was  created  originally  by  a  relatively  very  large  expenditure 
from  the  projier  funds  of  this  Institution,  nearlj'  half  whose  income 
went  in  this  direction  for  several  years.  The  money,  the  Secretary 
was  told,  was  spent  at  a  time  when  such  things  were  cheaper  tfian 
now,  and  well  spent,  for  a  varied  collection  of  works,  partly  but  not 
exclusively  8*-ientific;  but  during  the  last  twenty-dve  years  the  im- 
mensely increasing  demand  upon  the  umall  fund  of  the  Institution  had 
caused  it  to  add  little  to  ita  library  by  direct  purchase,  though  this  had 
continued  to  increase  largely  through  the  exchange  system,  chiefly  in 
the  direction  of  scientific  periodicals. 

The  Regents  would  remcml)er  the  Secretary's  explaining  to  them 
two  years  ago  that  by  an  informal  arrangement  made  between  Pto- 
fessor  Henry  and  the  Library  Committee,  in  1860,  the  Library  of  Con- 
gress was  not  required  to  keep  the  Smithsonian  books  together,  but 
merely  to  sec  that  they  had  a  proper  mark  indicating  that  they 
belonged  to  the  Institution. 

lliese  books,  which  Congress  had  assumed  the  care  of,  tiad  been 
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lying,  it  waf  too  well  known,  in  compulsory  neglect  and  diaorder,  owing 
to  the  lack  of  room  in  the  old  quartern  in  the  Capitol,  hut  since  their 
transfer  to  the  new  Library  building  they  had  been  rearranged  and 
much  bad  been  done  toward  bringing  into  order  this  valuable  Smith- 
sonian deposit,  which  was  in  some  respects  the  finest  collection  of  sci- 
entific periodicals  and  reports  of  learned  societies  in  the  world. 

Congress  had  last  year  made  an  increase  in  the  working  force  of  the 
Librarj',  and  had  provided  for  three  perHone,  one  custodian  and  two 
messengers,  to  look  after  the  Smithsonian  deposit. 

The  t>ooks  had  an  entire  "stack,"  which  would  hold  175, UtM)  volumes, 
and  wa.s  called  the  "East  stack,"  a/4signed  to  them,  and  Itesides  this 
one  of  the  great  halls,  which  was  to  be  used  for  the  books  in  more 
immediate  demand,  and  also  as  a  reading  room. 

An  appropriation  of  $30,000  was  made,  to  be  expended  under  the 
Librarian  of  Congress,  for  fitting  up  tJiis  room,  and  while  even  this 
large  room  would  not  be  sufficient  to  bring  together  all  the  Smithso- 
nian books,  it  would  bring  together  most  of  the  transat^tioiis  of  the 
learned  societies  and  scientific  periodicals,  which  were  among  the  most 
valuable  portions  of  the  Library. 

He  desired  to  engage  the  interest  of  the  Regents  in  procuring  for 
the  expenditure,  either  through  their  Secretary  or  the  Librarian  of 
Congress,  a  sum  of  in  all  not  less  than  ¥50,000  for  the  joint  purpose 
of  supplying  the  defects  in  the  library  due  to  its  neglect  for  the  past 
twenty  years,  and  to  fill  in  the  important  sets  of  periodicals  which 
can  not  l)e  secured  by  exchange.  This  money  could  not  be  spent  rap- 
idly, since  many  of  the  books  could  now  be  got  only  after  long  search, 
and  he  presumed  that  it  would  take  several  years  to  supply  the  actual 
losses. 

International  Catalogue  of  Scientijie  Literature. — The  Secretary 
said  that  he  had  not  time  to  enter  upon  this  subject  at  length,  but  he 
would  remind  the  Kegents  tliat  the  Smithsonian  Institution  had  long 
ago,  under  Professor  Henry,  proposed  the  scheme  of  a  general  cat- 
al<^^e  of  scientific  lit«rature  to  the  Royal  Society  of  London  for  their 
joint  consideration. 

The  Royal  Society,  within  the  last  two  or  three  years,  had  resumed 
the  project  which  had  now  grown  to  be  a  very  large  one.  It  had  re- 
cently called  for  and  obtained  the  official  aid  of  the  principal  govern- 
ments of  the  world,  and  England,  France,  Germany,  and  other  leading 
European  nations  had  made  large  appropriations  to  this  great  work. 
It  had  been  hoped  that  our  own  National  Government  would  take  its 
share  in  this  enterprise,  but  the  Secretary  regretted  to  say  that  it  had 
not  done  so,  although  the  Department  of  State  bad  earnestly  recom- 
mended it. 

The  Smithsonian  Institution,  which  had  been  the  original  suggester 
of  this  great  plan,  desired  to  be  still  associated  with  it  in  the  measure, 
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of  it8  ability,  aad  had  t^uxed  a  circular  to  be  sent  during  the  paet  stun- 
iner  to  the  libraries,  universities,  and  scientific  establishments  of  the 
United  States,  and  solicited  support  for  this  international  project  in 
the  name  of  the  Institution.  He  was  gratified  to  be  able  to  say  that 
the  response  had  been  most  hearty,  and  that  66  sets  of  this  costly  pub- 
liontion  had  teen  subscrited  for  here,  which  was  a  much  more  consid- 
erable aid  than  had  been  rendered  by  the  peoples  of  any  other  nations 
apart  from  the  national  subs<'riptions. 

The  Secretarj-  hopod  that  our  Government  would  yet  do  something 
for  this.  He  was  entirely  willing  that  the  work  should  \>c  continued 
provisionally  undei-  the  Institution  as  suggcjited  by  the  Secretary  of 
State,  but  while  he  telieved  that  it  was  the  wish  of  all  American 
scientific  men  that  the  work  should  be  done  here,  he  did  not  desire  to 
have  the  Institution  appear  as  a  solicitor  of  Congress  for  the  necessary 
appropriation  while  so  many  things  of  more  immediate  urgcnce  to  its 
own  interests  were  ungranted.  He  would  temporarily  continue  a  cer- 
tain amount  of  the  cataloguing  as  aid  on  the  part  of  the  Institution, 
which  was,  in  this  respect,  taking  the  duties  of  what  was  ctilled  in 
Europe  a  "regional  bureau." 

8PECIAI-  STATEMENT  SMITHSONIAN  FUND  AND  MU8EDM. 

Continuing,  the  Secretary  said: 

The  R«^nte  have  rei«ived  my  printed  official  report,  and  as  1  hope  that  they  have 
read  it  I  shall  not  dwell  on  its  contents,  but  will  e[>eak  now  of  certain  Biibjecia  of 
special  concern.  The  real  matter,  to  the  Sei'retary  at  least,  always  lies  in  the  actual 
presence  of  the  Regents,  and  his  ability  to  brinji  to  them  his  difflcultiefl  directly  and 
to  obtain  their  guidance.  I  say  this  now  not  with  reference  to  anything  that  presses 
for  present  action,  but  to  be  sure  that  I  know  their  wishes  in  the  shaping  oE  a  policy 
which  causes  nie  frequent  official  anxiety.  1  do  not  mean  with  reference  to  the 
parent  Institution,  for  there  never  was  a  time  when  itH  small  means  were  productive 
of  more  eatisfaclury  results,  or  when  it  was  better  known  throughout  the  whole 
world  than  it  is  to-day,  but  I  immediately  speak  of  the  bureaus  which  the  Govera- 
inent  has  put  in  its  charge,  and  for  the  moment  particularly  of  the  Museum. 

The  Regents  will  remember  that  on  the  resignation  of  Acting  AsBiatant  Secretary 
Charles  1>-  Walcott,  I  asked  them  to  authorij*  the  removal  of  the  restrictions  on  the 
appointment  of  the  Asaistant  Secretary,  Mr.  Richard  Rathbun,  so  that  he  could  be 
assigned  to  other  duties,  especially  tliat  of  Assistant  Becretary  in  charge  of  the 
Museum,  with  the  aid  of  three  Head  Curators,  and  that  I  spoke  of  thisas  an  experi- 
ment upon  which  I  woukl  report  later.  It  having  been  found  impracticable  that 
Mr.  Rathbun  should  give  bis  chief  attention  to  the  parent  Institution  and  satis- 
factorily administer  the  Museum  also,  1  have  recently  made  ar™,-_genienl8  by  which 
be  could  give  his  principal  attention  to  tlie  latrler,  and  in  this  form,  after  two  years' 
trial,  I  can  report  favorably  upon  the  plan. 

- 1  think  it  is  working  well  for  two  reasons.  The  first  is  personal  to  Mr.  Rathbun, 
who  has  a  fund  of  tact  and  patience,  united  with  professional  sympathy,  which  few 
men  possess  in  a  greater  d<^ree. 

The  other  reason  why  the  present  plan  is  successful  lies,  I  think,  in  the  nature  of 
tho  Regents'  own  control,  and  here  1  want  to  revert  tii  the  fact  that  the  Must-um  as  it 
exists  has  grown  from  the  jiarent  stttm  of  the  Smithsonian  Institution,  and  grown  so 
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[ant  that  the  child  is  tending  to  become  latger  than  the  parent.  There  are  ngne  that 
the  Committee  on  Appropriations  is  at  last  coining  to  see  the  inevitable  necessity  ot 
enlargiiig  the  Miisenm  buildings,  and  with  this  enlargenient  will  come  an  increased 
expenditure  and  a  new  era  of  reaponHihility  for  its  management.  With  a  million 
dollars  or  more  of  annual  ex|>enditure  the  Museum  will  be  more  like  other  great 
bureauH  of  the  Uovernment.  I  can  say  that  1  think  the  present  system  of  adminis- 
tration through  the  Regents  is  not  only  free  from  every  suspicion  of  political  influ- 
ence, hut  through  the  method  of  ele<'tion  and  appointment  of  its  governing  body  and 
officers,  has  an  aieurance  r>f  permanence  and  ot  iinselfiNh  administration  which  no 
other  method  known  to  our  Government  affords. 

The  Se^'retary  is,  under  the  funilamentai  law,  the  Keeper  of  the  Museum. 
Although  a  scientific  man  himself,  he  is  not  disposed  in  this  connection  to  favor  one 
branch  of  science  as  against  another.  (At  least,  if  I  may  speak  for  myself,  I  think  I 
am  not.)  While  retaining  in  his  own  hands  st)  much  of  the  authority  which  the 
Regents  and  the  law  have  imposed  on  him  as  is  necessary  for  a  proper  coordination 
of  all  the  interests  of  the  Institution,  and  while  personally  passing  upon  all  matters 
of  policy,  relations  with  important  foreign  and  domestic  establishments  and  all 
unusual. or  extraordinary  expenditures,  he  has  always  managed  the  del^ls  of  the 
Mnseum  administration  through  an  Assistant  Secretary.  Such  men  as  Baird,  Goode, 
Walcott,  and  Rathbun  have  successively  Qlled  this  office,  and  in  every  instance  not 
only  deserved  the  confidence  of  the  Regents  and  the  Secretary,  but  have  gained  the 
ConHdence  of  the  scientilic  community. 

I  think,  then,  that  the  present  plan  of  administrati'in  is  working  well,  but  1  desire 
the  Regents  to  l)ear  in  mind  that  an  extension  of  the  work  to  be  done  is  likely  to  be 
later  demanded  by  scientific  public  opinion;  that  the  time  has  nearly  come  when 
Congress  will  look  favorably  upon  It,  and  that  when  the  time  for  this  extension 
actually  does  come  1  ho|)e  they  will  feel  that  their  own  just  and  impartial  rule  is  the 
best  that  (he  Museum  is  likely  to  have  In  the  future,  as  it  is  that  which  baa  built  it 
up  in  the  past,  guaranteeing  as  it  does  delilieration  and  faimeee  in  the  selection  of 
the  Museum  officers  and  a  stability  in  its  policy. 

There  is  something  to  be  said  with  regard  to  each  ot  the  other  bureaus,  but  the 
Regents  will  And  this  set  forth  in  the  Report,  particularly  with  regard  to  the  Secre- 
tary's personal  efforts  made  last  year  to  extend  the  fteld  of  the  Bureau  of  Exchanges, 
I  wish,  however,  before  concluding  these  statements  to  the  R^fents,  to  revert  to  a 
subject  on  which  I  have  already  asked  their  advice  and  which  ia  of  fundamental 
importance. 

TheChancellor  remarked  on  a  previous  occasion  that  the  time  seemed  lobe  coming 
when  the  Institution  would  be  more  and  more  in  the  way  of  receiving  gifts,  like  the 
Uodgkins  gift.  I  hope  and  believe  that  this  opinion  will  be  justilied,  and  1  have 
had  the  pleasure  of  bringing  some  evidences  of  it  before  the  Regents  this  morning, 
but  I  ask  them  to  bear  in  mind,  with  regard  to  the  Smithsonian  Institution,  which  has 
been  called  an  anomaly  in  our  Government,  (hat  lis  best  feature,  and  that  which 
makes  it  a  happy  anomaly,  is  that  while  the  whole  is  in  the  care  of  Ihe  State,  there 
is  an  independent  fund  under  the  Regents'  control.  Now  I  beg  them  to  consider 
that  this  all-important  featureof  independence  is  every  year  lessening  in  its  character, 
owing  to  the  decreasing  relative  importance  of  the  fund  by  reason  of  the  changing 
value  of  money,  and  the  enormously  increased  wealth  of  the  country  around  it. 
Thus  in  1850  the  Smithsonian  Institution's  fund  was  over  (600,0(X).  This  was  at  the 
time  a  noble  foundation,  but  how  relatively  small  it  ia  to-day  can  be  seen  from  the 
greatly  increased  funds  now  in  the  hands  of  other  institutions  of  learning.  1  hav<; 
written  to  the  presiilenta  of  a  numlter  of  the  principal  American  universities  in 
existence  in  1850  and  asked  the  extent  of  their  endowment  at  that  tjme. 

Fifty  years  ago,  the  President  of  Yale  I'niversity  informs  me,  the  funds  of  that 
great  institution  were  about  $300,000.     At  that  time  the  Smithsoniaiv  hjatituUcin. 


XXrV  PROCEEDINGS   OF   THE   BOARD   OF   REGENTfl. 

fund  was  over  $600,000,  or  more  than  twice  that  of  Yale.  Now  Preflident  Hadiey 
tells  me  that  the  invested  lands  o(  Yale  are  about  live  and  one-quarter  million 
dollars.  The  Smithsonian  fund  is  nearly  what  it  was;  that  Ik.  exi-ept  for  the  Hodg- 
kins  legacy;  it  is  about  oneniixth  that  of  Yale;  which  is  naying  that  the  MniithsontaQ 
fund  has  relatively  deoreased  in  the  proportion  of  lU  to  1. 

Not  to  found  thia  comparison  on  the  solitary  case  of  Yale,  1  have  intiuire^l  in  this 
way  of  the  Presidents  ot  seven  ol  our  leading  is>lleges  and  universities,  and  I  have 
answers  from  five:  Harvard,  Yale,  Columbia,  Prineeton,  and  the  (University  of 
Pennsylvania- 
Columbia  reports  an  incoine  of  (11.000  in  1850,  but  no  endowment.  Harvard  is 
the  only  college  or  univerxity  which  fifty  years  ago  had  a  fund  as  largt'  as  that  of  the 
Smithsonian  Institution.  Theaverage  fund  of  Harvard,  Yale,  Columbia,  and  Penn- 
sylvania in  l&'W  1  lind  to  be  about  $4.'>0,000.  The  average  fund  ot  each  of  those 
aame  four  Institutions  to-day,  as  their  presidents  and  trejisurers  report  to  me,  is 
about  $8,600,000  (an  average  Increase  of  nearly  2,000  per  cent). 

If  some  of  the  newer  nnivenities,  as  Stanford,  and  Chicago,  whose  funds  are 
believed  to  be  collectively  $K, 000,000,  are  brought  into  this  estimate,  the  result  is 
that  while  at  the  time  oE  its  organization  the  Rmitheonian  Institution,  with  one 
exception,  was  very  much  wealthier  than  any  university  or  college  In  the  United 
States,  to-day  it  has  about  one-twelfth  of  the  average  profierty  of  those  to  which  it 
was  formerly  superior. 

If  there  is  any  object  that  lies  near  my  heart,  it  is  that  the  Institution  should 
become  so  known  throughout  the  country  that  gifts  and  devises  which  would 
increase  that  part  of  its  funds  under  the  absolute  control  of  the  Regents  should  be 
stimulated  and  increased.  I  am  convinced  that  It  is  but  neivssary  that  the  whole 
of  the  American  people  who  have  money  to  devise  or  give  shall  only  know  what 
the  Institution  has  done  in  the  pawt  and  what  It  guarantees  under  the  rule  of  the 
Regents  in  the  expenditure  of  funds  In  the  future,  to  bring  in  such  gifts  in  increas- 
ing number.  I  will  do  anything  I  can  personally  to  aid  this,  and  while  it  is  not 
becoming  that  the  Institution  should  wear  the  appearance  of  soliciting  anything  of 
the  kind,  I  should  be  very  glad  for  any  counsel  from  the  Hegent«  as  to  the  means  of 
aiding  it 

The  Regents  informally  discussed  the  matters  suggested  by  the 
Secretary,  but,  time  preveDtiDg,  took  no  actioo;  and,  od  motion,  the 
Board  adjourned. 
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REPORT  OF  THE  EXECUTIVE  COMMinEE  OF  THE 
BOARD  OF  REGENTS  OF  THE  SMITHSONIAN  INSTI- 
TUTION 

Fob  the  Year  Endinu  .June  S().  liKll. 


To  the  Board  of  Regetitu  oftlu:  Rinithmnian  hixt'itviiwi: 

Your  Executive  Committee  respectfully  submits  the  following  report 
in  relation  to  the  funds  of  the  Institution,  the  appropriatiouH  by  Con- 
gress, and  the  receipts  and  exi>enditiires  for  the  Smithsonian  Institu- 
tion, the  U.  S.  National  Mu^um,  the  International  Exchanges,  the 
Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
physical  Observatory  for  the  year  ending  June  30,  I'.iOl,  and  balances 
of  former  yeara: 

SMITHSONIAN    INflTITUTION. 

Cimdttim  of  the  Fund  .My  1,  1901. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the 
Ti-easury  of  the  United  States,  according  to  act  of  Congress  of  August 
10,  1846,  was  ^15,169.  To  this  was  added  by  authority  of  Congress 
February  8,  1867,  the  residuary  legacy  of  Smithson,  savings  from 
income  and  other  sources,  to  the  amount  of  $131,831. 

To  this  also  have  been  added  a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  $1,000;  a  bequest  of  Dr.  SimeonHabel,  of  New  York, 
of  JiSOO;  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,500;  a.  gift 
from  Thomas  0.  Hodgkins,  of  New  York,  of  $200,000  and  $8,000, 
being  a  portion  of  the  residuary  legacy  of  Thomas  G.  Hodgkins,  and 
$1,000,  the  accumulated  interest  on  the  Hamilton  bequest,  making  in 
all,  as  the  permanent  fund,  $^12,000. 

The  Institution  also  holds  the  additional  sum  of  $12,000,  received 
upon  the  death  of  Thomas  G.  Hodgkins,  in  registered  West  Shore 
Railroad  4  per  cent  bonds,  which  were,  by  order  of  thia  committee, 
under  date  of  May  18,  1894,  placed  In  the  hands  of  the  Secretary  of 
the  Institution,  to  be  held  by  him  subject  to  the  conditions  of  said 
order. 
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XXVI  REPORT   OF   THE    EXECUTIVK   COMMITTEE. 

Statemeid  of  Tfceiplt  nnif  rrpenditurai  fri/m  July  1,  ISOO,  lu  June  SO.  1901. 

Cash  on  hand  July  1,  1900 t76,219.07 

Interest  on  Tuud  July  1,  1900 $27,360.00 

tntereston  fund  January  1,  IttOl 27,360.00 

■  ■  -   — -M.  720. 00 

Interest  to  Jamiarv  1.  1901,  on  Wet-t  Shr.re  UmilH 1,680.00 

8132,610.07 

Caoli'Irom  Bales  iif  publicationB 18S.  Srt 


ToUl  ropeipta 143, 048. 46 

fiuilding: 

Repairs,  rare,  anil  iniprovemenld $6,0:t8.3S 

Furniture  and  flxtiirtM 2, 188. 01 

t9,  126. 40    • 

General  expenses: 

Postage  and  telegraph H7. 67 

Stationery 1 , 1 74. 44 

Inddentals  (fuel,  ga«,  ett.) 4,848.20 

Library  (books,  periodicals,  ete.) 2,581.80 

Salaries  ■ 20, 566. 95 

(ieneral  printing 34. 85 

Gallery  ot  art 408. 92 

Meetings 221. 37 

20.954.20 

Publications  and  researches: 

Smithsonian  contributions 36. 65 

Miscellaneous  collections 1,712.  73 


Special  publications 222. 50 

Bewarches 4, 686, 04 

Apparatus 1,143.10 

Hodgkinsfund 4,473.51 

14,246.36 

Literary  and  scientific  exchanges 5, 7SS,  24 


Balance  unexiwnded  June  30,  1901 83, 963. 26 

The  cash  received  from  the  sale  of  publirations,  from  repayments  for 
freight,  etc.,  is  to  be  credited  to  the  items  of  expenditure  a.s  follows: 

Smithsonian  contributions $24. 91 

Miscellaneous  collections 138. 97 

Reports 16. 41 

Special  publ  icationi) 8. 30 

$188.59 

Exchanges 9, 785. 44 

Incidentals 455.36 

10, 429. 39 

*  In  addition  to  the  aliove  $20,566,95,  paid  for  salaries  under  building  and  general 
expenses,  $8,999.11  were  paid  for  services,  via!,  $4,312.9:1  charged  to  building  acwnint, 
$285  to  furniture  account,  $2,151.01!  to  rci^arches  account,  $1,2,50.16  to  library 
ai-count,  and  $999.96  to  Hodgkins  funil  at'count. 


REPORT   OF   THE   EXECUTIVE   COUHITTEE.  XXVIl 

The  net  expcndituros  of  the  Institution  for  the  year  ending  June  30, 
1901,  were  therefore  *4f<,655.81,  or  $10.129.39"le83  than  the  gross 
expenditures,  ^9,085.^0,  as  above  stated. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
naies,  refunding  of  monoys  temporarily  advanced,  or  otherwise,  are 
deposited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
on  the  Treasurer  of  the  Unit^'d  States. 

Your  committee  also  presently  the  following  statements  in  regard  to 
appropriations  and  expenditures  for  objects  intrusted  by  Congress 
to  the  Smithsonian  Institution: 

DfUnUd  itatement  of  ditburefiniTUt  frvni  appropriatiimi  committed  by  Gongrtit  to  the  cart 
of  the  Smiiluonian  Inttituti<m  for  tlie  Jueal  year  fndiiig  Jurtf  SO,  1901,  and  from  botonco 
of  former  yean. 

INTERNATIONAL  EXCHANGES.  KMITHSOSIAN  INSTITUTION,  HM, 


Appropriated  by  Oongrem  for  Ihe  fiw^l  year  ending  June  ?'*,  1901,  "(or 
expenses  of  the  eyetem  of  international  exclian^ee  between  the  United 
States  and  foreign  countriex,  under  the  direction  of  the  Smithsonian 
Institution,  including  salariiw  or  mmpeneatinn  of  all  neci^esBry  employ- 
ees and  the  purchase  of  nectieary  books  and  periodicatB,  twenty-four 
thouaand  dollars"  (sumiry  civil  att,  June  6,  1900) 124,000.00 


[rrotn  July  1. 1900.  U>  June  30 

Salaries  or  compensation : 


1  chief  clerk, {^"'""'™'"».','^„„- }    2,149.9f 


r,  4  months,  at  (258.33 $1,033.32 

1  acting  curator,  5  months,  at  $225 1,125.00 

<t  months,  t 

lontha,  at  $1ft3.a^ 

1  clerk,  12  months,  at  $150 1,800.00 

1  clerk,  2  months,  at  $125 250.00 

1  clerk, !«'"«•"'"'' "*«"«■«' \    1,450.02 

18  months,  at  $125 1 

Iclerk,!^ '"""*■'«■*'*"* \    1,249.98 

16  months,  at  $108. 33 1 

1  stenographer,  I"  "'■'"»'"■ ''^««' \  1,090.00 

^    '         U  month,  at  $100 ' 

1  clerk,  12  months,  at  $80 : 960.00 

J  (copyist,  6  months,  at  $45 1  5jD  qq 

icierk,  6  months,  at  $50 / 

I  packer,  12  months,  at  $55 660.00 

I  workman, |«  •"«"''"'' "*^ \  630.00 

l6  months,  at  $55 1 

lme«nger,^"'"°'"^«''"«25 1  gn,  q^ 

''      ll  month,  HtfliS i 

1  laborer,  12moniha,  at  $45 640.00 

I  carpenter,  20  clays,  at  $.■! 60,00 

1  laborer,  13  days,  al  $l..50 19.50   (^qOQ Ic 


XXVIII  KEPORT  OF  THE  EXECUTIVE   COMMITTEE. 

Salaries  or  cotnpenaation — Continiiei). 

1  laborer,  29 dajR,  attl.50 ^43.50 

I  laborer,  22  dayn,  at  tl.50 :f;f.00 

I  cleaner.  166<Iays.  al$l 1W..00 

1  agent,  12  months,  at  191.66} 1,100.00 

1  a(!ent,  12  mnnthe,  at  515 ISO. 00 

1  ageDt,  12  months,  at  $M 000.00 

ToUl  salaries  or  comiH-nsation 1(1, 020. 30 

General  expenses: 

Boiea $K76.S0 

Freight 3, 6H7. 12 

Postage 22.5.00 

Supplies 63. 46 

Stationery 291. HI 

5,(M3.99 

Total  disburpementa f21 ,  064. 29 

BalanceJuly  1.  1901 2,9:15.71 

INTERNATIONAL  EXCHANGES.  SMITHSONIAN  rNSTITUTlON,  1900. 
BalanceJuly  1,  1900,  as  i>er  last  report ?2,538.83 

General  expenwe: 

Books $:.■>.  63 

Boxes 14rt.  50 

Freight 2,  i.W.10 

Ser\ices 10.50 

Stationery 11.16 

Supplies S5,(M 

Total  diebtirsementR $2, 484. 93 

BalanceJuly  I,  1901 53.90 

INTERNATIONAL  KXCHANItES,  SMlTHflONlAN  INSTITUTION,  1S99. 

BalanceJuly  1,  1900,  asperlaat  report 11.59 

Balance  carried,  under  t)ie  provisions  of  Reviseil  Statutes,  station  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund,  June  :iO,  1901 . 

AMERICAN  ETHNOLOGY.  SMITHSONIAN  INSTITrTION.  1901, 


Appropriation  by  Congress  for  the  Qscal  year  ending  June  30,  1901,  "  for 
continuing  ethnolc^ical  resrarches  among  the  American  Indian!'  under 
the  direction  ot  the  Smithsonian  Institution,  including  salarios  or 
compensation  of  all  nect^iary  employees  and  the  purchase  of  nece^'^Hry 
books  and  periodicals,  ilfty  thousand  dollars,  of  which  sum  not  exceed- 
ing one  thousand  live  hundred  dollars  mny  be  used  for  rent  of  bnildiu);" 
(sundry  civil  act,  June  6, 1900) '. frW.OOO.OO 

The  actual  conduct  of  thexe  investigations  has  been  continued  by  the 
Secretary  in  the  hands  of  Maj.  J.  W.  Powell,  Director  of  the  Bureau  of 
American  Ethnology. 
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EEPOKT  (•F   THE   EXECTTTTZ   COMXimEE.  XXIX 

IdiweV*-.  :i  =;  c:.-*.  ■  t?T^ H.SWJ.00 

l««lM»f^-««L- -hKT*-- :=-_  t::.-.  »:Si;.-,G X*e.96 

letfa»o;-«M.  7=>c::.-.  K  WK-w I.4.W.3I 

l«du»ok«s«.  ■.;E.-c;b-.  «?*•"■ ••XXOO 

1  rthiKijeiit,  i;~.«;h.-  »t  *:*' -c iiOXW 

1  «tluio:'w:-4.  I:!::.  ^:rA  »!  y.t.'^ *  rttlM 

1  cthif  ;.«-:-*,  ;-  =.  t;.-.-.  »:  *:.:;-« l..v*.i« 

l«tho..i.o-i.  i-n..c'f.^aif:S _ l.SiW.OO 

1  eth»<.:.«i-4.  Xtnx.iL^.Mir.Si l.,V»X0O 

1  etbiK'i-vi-^  2i  ii.fz.ii.~.  aitV^ 312,50 

It  *thc- :  ir-4.  I  r.^t.ih.  a',  f.-ii Irtt.00 

iiH>^.;.vM.  l"n-.t.!h-.  »iSSi) _ _...  5«U00 

1  illwtfator.  13n--.r.!t.*.  «i*!>'i-.7 iO0aO4 

1  etfanoloKH- InorUtor.  Ki  iii..oi)i.i  simI  6<1>vt.  &1  tt-'i»  ■--  1.001.60 

1  clerk.  Sm'iDiha.  u  tlS _ 375.00 

1  clerk.  12m..nih.'.«r  (l-ii 1.200.00 

1  clerk.  12Diooths.mI  *H« 1.300.00 

1  clerk.  12iD.«chc.  »I*!iH 1. 200. 00 

1  clerk.  12nK.nihH.  »i  tT.i _ SOO.OO 

1  proof  miler.  12m'.Dihii.  at  t7.i 300.00 

1  aannant  t^ho'il'vic   libramn.    10   montlus  at   t*iO;    2 

mootlie  »t  ISO 700. 00 

1  Hkille.1  laborer,  12  m.-nthi-.  »t  160 720.00 

1  lD«n>n2cr.  12  m.inthn.  «t  t-iO «».  00 

1  laborer.  12  montlui,  at  fm 720.00 

I  laborer.  12  muDthx,  at  H5 .'»40. 00 

llaborer.  74<iayf.  at  $I,.W 111.00 

llaborer,  2H(Uyf.  attl.-iO 42.00 

Total  ealariei'  or  <-<>in|>en»tion *M.  080. 46 

General  espenHei>; 

B.K>ka $822.  .W 

Dnwiop  and  ill  nut  rations 407.  tA 

Freijriit 2.^7.93 

UiriJtind 1M.53 

Manuacript 2.011.00 

Minullaneouti . , lOH.  «5 

Office  fumilure OKI.  IS 

NeKfttives 10. 40 

Poftafre  and  telcKraiili 72. 50 

HenUl l.-VNl-OO 

Hpe>^  scrvicee ^'M.  'iH 

fipecimeiifl 3,.3S8.78 

Supplies 1 , 2;«l.  04 

Travel  and  field  enpenwH 2, 11 2. 82 

13,2;M.M 

Total  dJKburpemente 47, 315.  SI 

Balance  July  1,  1901 2,084.00 
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XXX  REPORT   OF   THE   EXECUTIVE   COKMITTEE. 

AMERICAN  ETHNOLOGY.  1900. 

Balance  July  1,  1900,  aa  perlawt  report $2,147.35 

General  expensef : 

Books tfi45.1l5 

DrawinR)!  anil  it lupt rations 49. 51 

Freight «7.K9 

Offiw  furniture ■-•«*.  50 

Ijght 13.51 

MiacellaneiuiH 1 , . .  1 .  tl5 

N^ativea 72.  «4 

Foetage  and  Megraph 21.. 12 

Rental («..^•^ 

Spet-ial  sen-ic<». 2:«.00 

Speoitneiw 28.').  27 

Supplies i;i(i.77 

Travel  an<l  field  exi)fn»e» 17.  ."iO 

Stationer)' 225. 32 

TiHal  (liaburnementfl $2, 142. 16 

Balance  Jnly  I,  1901 5.19 

AMERICAN  ETIIKOLOGY,  ISOT. 

Balance  July  1,  1900,  as  per  last  nsport 192.46 


General  expen><es: 

FreiKht $0.84 

Balance 91.64 

Balanre  larrieii,  under  the  proviaionn  of  Revii«e<l  Stalutcti,  se^'tlon  .t090,   by  the 
Treasury  Department  to  the  creilit  of  the  surplus  fund,  June  30,  1901. 

NATIONAL  ML'SKUM—I' RESERVATION  OF  COLLECTIONS,  1901. 


Appropriation  l>y  Contcretwi  for  the  fiscal  year  ending  June  30,   1901, 

"  for  continuing  the  pre^^e^^■aUon,  exhiliition,  and  increaBO  of  the  «il- 
lectioHB  from  the  survey intt  and  exploring  cxix-ditions of  the  (invern- 
inunt  and  from  other  Huun'cn,  incluilinK  ealariea  or  iimi|H<nHati'>ii  of 
all  ne<-eesary  employees,  $180,000,  cit  which  sunt  $.'>,500  may  bv  m/i^l 
for  necessary  draivings  and  illustrations  for  publications  of  the 
National  Museum"  (sundry  civil  act,  June  6,  1900) $180,000.00 


[JuDrl.lSOO.toJunrM.  1901.] 


Salaries  or  compensation $158,  ft46. 45 

Special  «errices 4,025.-fi 


Total  senices $l(i2,872^ 
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MiscellaneoiiH: 

Drawin)^  aiifl  iliiistralionH f 2, 010. 53 

Sup|>li«< 4,017.14 

KUtionery 1 ,  291. 37 

Travel.. ." 1,71M.9H 

Freight 681.85 

Total  luis.'ellaneous tlO,  619, 87 

Total  *ixpemiitiire8 fl  73, 4(12. 08 

Balam-eJuly  1,  1801 6,507.92 

Analyiat  uf  rjtpaulUvTi'ii  for  mlarie»  or  annpeianitum,  ISOl. 
Scientilic  Htaff : 

1  aBsidUnt  Becretary,  8  iiionttix,  at  $258.33 f2,0«6.64 

I  head  curator,  l2month«.  at  $291.61; 3,499.92 

1  curator,  12  months,  at  $291.66 3,499.92 

li-urator,  12  months,  at  $291.66 3,499.92 

1  curator,  12  months,  at  $200 2, 400. 00 

I  curator,  12nionthH,  at  $200 2,400.00 

1  curator,  12  months,  at  $200 2,400.00 

1  curator,  12  months,  at  $200 2,400.00 

1  curator,  12  wont  hs,  at  $1 75 2, 1 00. 00 

1  BfsiBtBiit  curator,  12  monthD,  at  $150 1, 800. 00 

it  curator,  12  nionthn,  at  $150 1, 800. 00 

,tor,  12nionthn,  atfl.'^O 1,800.00 

1  assistant  curator,  12  monthf,  at  $150 1,800.00 

1  awietant  curator,  6  months,  at  $150;  6  monthi>,  at  $1:10. .  1,680.00 

1  araistant  curatiir,  12  months,  at  $133.33 1,590.96 

It  curator,  12  months,  at  $1.«.33 1,599.96 

■urator,  12  months,  at  $125 1, 500. 00 

■uralor,  12  months,  at  $116.66 1,399,92 

1  asnstant  curator,  12  months,  at  $116.66 1,399,92 

1  second  assistant  curator,  12  months,  at  $100 1,200.00 

1  aid,  12  months,  at  $116.«1 1, 399. 92 

laid,  12  months,  at  $100 1,200.00 

1  aid,  12  months,  at  $100 1,200.00 

laid,  12  months,  at$83.:W 999.96 

laid,  12  months,  at  $*).:« ". 999.96 

1  Bid,  10  monOis.  .54  dayj-,  at  f8:l.:J3    978.  +5 

1  aiil,  12  months,  at  $75 900. 00 

laid,  12  months,  at  $75 900.00 

I  aid,  12  months,  at  $50 (WO.  m 

I  aid,  11  months,  at  $50 .5.50.00 

1  aid,  1  month  and  l.'ij  days,  at  $.50 75. 00 

$51,(149.45 

Prvparatom: 

1  photographer,  12  months,  at  $175 2,100.00 

1  modeler,  12  months,  at  $100 1,200.00 

1  modeler,  15  <layB,  at  ?:! 4.5. 00 

1  oMteult^ist,  12  months,  at^H) 1,080.00 

t  chemical  fceologiel,  4  months  and  25  day^,  at  $100 4K9.  29 

1  preparalor,  2  months  and  41  days,  at  $75;  15  days,  at 

$90 '. 295.40 
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Pr  epamtora— Oonti  nued . 

1  preimrator,  12  months,  at  $86 $1,020.00 

1  preparator,  12  months,  at  $85 1,020.00 

I  preparator,  12  months,  at  $80 980.00 

1  prepamtor,  "  months,  at  $75 525. 00 

1  prepamtor,  6  months  and  13  days,  at  $70 452,  ."iO 

1  preparator,  7  monthH  and  8  davit,  at  $tiO 437. 14 

1  preparator,  12  monthx,  at  $45 540. 00 

1  preparator,  IS  munthx  and  15dayt<,  at  $45 291.77 

1  at-tiiit;  chief  taxidertni^,  1  iiionth  ami  !i  davH,  at  fi'2'i . .  137. 10 

1  tiuii<lennitit,  12  months,  at  $100 1, 200. 00 

1  t«sid«niiii>t,  12  months,  at  $90 1,080.00 

1  tAxidcrmiitt,  1  month  and  II  days,  at  $75 96, 77 

1  taxidtroiiHt,  12  months  at$fiO 720.00 

$13,689 

Cleriml  Htaff ; 

1  chief  clerk,  4  months,  at  $208.:t4;  8  months,  at  (208.33.  2,500.00 

1  editor,  12  months,  at  $167 2, 004. 00 

1  chief  of  diviBiim,  12  months,  at  $200 2,400.00 

1  r^iatrar,  12  monthi,  at  $167 2,004.00 

1  disbursing  derk,  12  months,  at  $116.67 1,400.04 

1  assistant  librarian,  12  months,  at$i:t:t.33 1,599.96 

1  Ht«no(n^pher,  12  months,  at  $166.6t! 1,999.92 

1  st«nograptier,  12  months,  at  $125 1,500.00 

1  stenographer,  12  months,  at  $90 1,080.00 

1  slenojirapher,  6  months,  at  $8.^;  6  months,  at  $75 960. 00 

1  eteno^rapher  and  typewriter,  9  months  and  11  day.i,  at 

$75;  19  days,  at  $60;  23  days,  at  $2 ".....  786.50 

1  stem^repher  and  typewriter,  11  months  and  12  days, 

at  $60 569.36 

1  stenographer  and  typewriti'r,  8  niiinths  and  5  days,  at 

$50 '. 408.06 

1  HtenofHUpher  and  tyjtewriter,  3  months  and  28  day><,  at 

$50 195.16 

1  stenographer,  2  months  and  48  days,  at  $-50 178.39 

1  typewriter,  6  months,  at  $85;  6  months,  at  $75 960. 00 

1  typewriter,  12  montlis,  at  $70 840. 00 

I  typewriter,  12  mnntlis,  at  $65 780.00 

1  typewriter,  10  months  and  10  days,  at  $4.t 4*54.52 

1  clerk,  12  months,  at  $125 1,500.00 

1  clerk,  12  months,  at  $125 1.500.00 

1  clerk,  6  months,  at  $12.i 7.W.  00 

1  clerk,  12  months,  at  $115 1,380.00 

1  clerk,  12  montlis,  Bt$llX) 1,200.00 

1  clerk,  12  months,  at  $100 1,200.00 

1  clerk,  12  montlis,  at  $100 1, 200. 00 

Icterk,  6months,  at$IOfl;  6  mouths,  at  $90 1,140.00 

1  clerk,  12  months,  at  $80 960.00 

1  clerk,  12  months,  at  $75 !t00. 00 

1  clerk,  12  montlis,  at  $75 900.00 

1  clerk,  12iiionth«,  at  $75 itOO.OO 

1  clerk  and  preparator,  12  inoiilhs,  at  $75 900. 00 

1  clerk,  6  months,  at  $75;  fl  months,  at  $70 870.00 

1  clerk,  12  months,  at  ^liO 720.00 

1  actinn  property  clerk,  12  ninths.  »i  *JiO r-.u-.  .i     ^<WI>qIc 
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Clerical  Btafl— Continued. 

1  clerk,  12monthB,  at  $60 (720.00 

1  clerk  and  preparator,  12  months,  at|60 720.00 

1  clerk.  6  monthe,  at  jiso 360. 00 

1  clerk,  6  monthe,  at  960,  6  monthe,  at  $50 660. 00 

1  clerk,  12  monthe,  at  $55 660.00 

1  clerk,  12  months,  at  $5S 660.00 

1  clerk,  7  months  and  32  days,  at  $65 443.19 

1  clerk,  12  inonthH,  at  $50 600. 00 

1  clerk,  12  months,  at  $50 600.00 

1  clerk,  10  months  and  25  days,  at  $50 540.32 

1  clerk,  8  months  and  H3  days,  at  $50 536, 77 

1  clerk ,  12  monthe,  at  $40 480, 00 

1  clerk,  10  Inonthfl  and  57  days,  at  $40 474. 80 

1  clerk,  12  months,  at  $35 420. 00 

1  clerk,  6  monthe  and  21  daye,  at  $30 200. 32 

1  copyiet,  25  daye,  at$.W 41.67 

1  copyist,  12  months,  at  $40 480. 00 

$47,966.97 

Buildings  and  labor: 

1  superintendent.  9  months,  at  $250 2, 260. 00 

1  general  foreman,  12  months,  at  $122.50 1,470.00 

1  foreman,  li!  monthe,  at  $50 600.00 

1  carpenter,  8  days,  at  $3 24, 00 

1  actinn  captain  of  watch,  105  days,  at  $3 316. 00 

1  lieutenant  of  watch,  12  monthe,  at  $70 840.00 

1  watchman,  12  months,  at  $65 780.00 

1  watchman,  I  month,  at  $64;  6  months,  at  $60;  46  days, 

at  $1.60 514.84 

1  waU-hman.  12  months,  at  $60 720.00 

I  watchman,  12  months,  at  $60 720.00 

1  watchman,  12  monthe,  at  $60 720. 00 

1  watchman,  12  months,  at  $60 720.00 

1  watchman,  12  months,  at  $60 720.00 

1  watchman,  12  months,  at  $60 720,00 

1  watchman,  12  months,  at  $60 720.00 

1  watchman,  12  months,  at  $60 720.00 

1  watchman.  12  months,  at  $60 720.00 

I  watchman,  8  months  and  10  days,  at  $60 499. 35 

1  watchman,  6  monthe  and  67  days,  at  $60 483. 87 

1  watchman.  3  months,  at  $60 180.00 

1  watchman,  2  monthe  and  15  days,  at  $60 147.50 

1  watchman,  12  months,  at  $,'>5... 660.00 

1  watchma«,  12  months,  at  $55 660.00 

1  watchman,  12  months,  at$ri5 660.00 

I  watchman,  12  monthe,  at$55 660.00 

1  watchman,  12monlhs,  at  $56 660.00 

1  watchman,  12  months,  at  $66 660.00 

1  watchman,  12  monthe,  at  $55 660.00 

1  watchman,  10  monthe  and  17  daye,  at  $55 580.16 

1  watchman,  6  months  and  17  days,  at  $55 360.16 

1  watchman,  4  months  and  20  daye,  at  $55 259. 29 

I  watchman,  4  months^nd  18  days,  at  $55 255.36 

1  watchman,  1  month  and  9  days,  at  $55 70. 97 ,  --            . 

1  watchman.  12  monthe,  at  $40 480.00^  AlDgIC 

SH  1901 III 
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Buildinpi  anil  labor — Continued. 

1  nkilled  laborer,  7  months  and  16  days,  at  |60 MSO.  00 

1  skilled  laborer,  4  tnonths,  at  (60 240. 00 

1  skilled  laborer,  8  months  and  99  days,  at  955 588. 50 

I  skilled  laborer,  0  moathe  and  16  days,  at  $56 623. 86 

1  skilled  laborer,  12  months,  at  |60 600.00 

1  skilled  lalxirer,  1  month,  15  days,  at  $60 76. 00 

1  workman,  310  days,  at  $1.60 465. 00 

1  workman,  205i  days,  at  $1.50 306.25 

1  laborer,  1  month,  46  days,  at  $50 125.70 

1  laborer,  2  monlhB,  at  $60 100. 00 

1  laborer,  26  days,  at  $50 42.10 

1  laborer,  12  months,  at $45 640.00 

1  laborer,  1  month.  38  days,  at  $45 100. 89 

1  laborer,  1  month,  at  $45 45. 00 

1  laborer,  31  days,  at  $45 46.16 

1  laborer,  12  months,  at  $40 480.00 

1  laborer,  12  months,  at  $40 480.00 

1  laborer,  12  months,  at  $40 480.00 

1  laborer,  7  months,  at  $40;  131  days,  at  $1.50 470.50 

1  laborer,  4  months,  at  $40 160. 00 

1  laborer,  4  months,  at  $40 160.00 

1  laborer,  Smooths,  34  days,  at $40 164.42 

1  laborer,  2  months,  15  days,  at  $40;  247  days,  at  $1.50  . .  470. 60 

1  laborer,  12  months,  at$.*»5 420.00 

1  Uborer,  9  months,  44i  days,  at  $26 261.31 

1  laborer,  1  month,  at  $25 26,00 

1  laborer,  6  months,  17  days,  at  $20 XIO.  97 

1  laborer,  3  months,  27  days,  at  $20 78. 00 

1  laborer,  336)  dayx,  at  $1,76 688.88 

1  laborer,  337  days,  at  $1.50 606.60 

1  laborer,  305  days,  at  $1.75 633.75 

1  laborer,  334  days,  at  $1.75 584.50 

1  laborer,  292 days,  8t$l,75 611.01 

1  laborer,  7day8,  $1.76 12.25 

1  laborer,  329i  days,  at  $1.50 494.25 

I  laborer,  324)  day c,  at  $1.60 488.75 

1  laborer,  317}  days,  at  $1.50 '. 476.26 

1  laborer,  SlSilays,  at  $1.50 472..50 

1  laborer,  312i  days,  at  $1.50 468.75 

llaborer,  312  days,  at  $1.50 468.00 

1  laborer,  312  days,  at  $1,60 468.00 

1  laborer,  312  days,  at  $1.50 468.00 

1  laborer,  312  da\-s,  at  $1.50 468,00 

1  Uborer,  310)  days,  at  $1.60 465.75 

llaborer,  309)  daye,  at  $1.50 464.26 

1  laborer,  263  days,  at  $1 .50 394. 60 

1  Uborer,  221  days,  at  $1.50 331.50 

llaborer,  156  days,  at  $1.50 234.00 

1  laborer.  106  daya,  at  $1.50 157.50 

1  laborer,  105  days,  at  $1.50 157.50 

1  laborer,  104  days,  at  $1.50 156.00 

1  laborer,  97  days,  at  $1.50 146.50 

1  laborer,  91  days,  at  $1.50 136.50 

llaborer,  91  days,  at  $1.60 **t*(10Q|(' 
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Buildings  and  labor— Continued. 

1  laborer,  79 (layH,»ttl..'>0 $118.50 

1  laborer,  SO  daya,  at  fl.-W 75.00 

1  laborer,  48  days,  at  $1.50 69. 00 

I  laborer,  42  days,  at  $1.50 63.00 

1  laborer,  :ffl  days,  at  $1 ,50 58. 60 

llaborer,  3«day8,  at$].60 &8.S0 

1  laborer,  34JdayH,  at  $1.60 61.76 

1  laborer,  34  days,  at  $1.50 51.00 

llaborer,  3U  days,  at  $1.60 47.26 

1  laborer,  27  daye,  at  $1.50 40.60 

llaborer,-2ldayB,  at$1.50 31.60 

1  laborer,  19  days,  at  $1.60 28.60 

1  laborer,  18  days,  at  $1.50 27. 00 

1  laborer,  13  days,  »t$1.50 19.60 

I  laborer,  13  days,  at  $1.50 19. 60 

1  laborer,  6  days,  at  $1.60 9.00 

1  laborer,  6i  days,  at  $1.50 8.63 

1  laborer,  si  days,  at  $1.50 7.88 

1  laborel-,  5day8,at$1.60 7.60 

1  laborer,  4  days,  at  $1.80 6.00 

1  iaborer,3i  days,  at  $1.50 5.25 

1  meeaenger,  10  months,  26  days,  at  $60 048. 39 

er,  23 days,  at  $45 33.39 

er,  3monthB,  20  days,  at  $36;  6  months,  at $26.  278.33 

1  messenger,  6  months,  at  $35;  1  month,  16  days,  at  $25  .  247.60 

1  messenger,  5  months,  at  $25 125.00 

I  meeeenger,  1  month,  28  days,  at  $25 47. 58 

20  days,  at  $» 16.13 

1  month,  at  $20 20. 00 

1  attendant,  12  months,  at  $40 480. 00 

1  attendant,  317  days,  at  $1.50 475.50 

1  attendant,  37  days,  at  $1 37.00 

I  attendant,  26  days,  at  $1 26. 00 

1  attendant,  18  days,  at  $1 18. 00 

I  attendant,  5  days,  at  $1 6. 00 

1  attendant,  2  daye,  at  $1 2. 00 

1  cle»ner,  1  month,  at  $47;  1  month,  at  $41 ;  3  months,  at 

$36.50;  6  months,  at  $36;  2  months,  at  $38 448.60 

I  cleaner,  3  months,  at  $30;  2  months,  at  $33;  3  months, 
at  $31.50;  2  months,  at  $34.60;  1  month,  at  $36;  1  month 

at  $36.76 392.25 

1  rleaner,  12  months,  at  $36 420. 00 

1  cleaner,  II  months,  29  days,  at  $35 418.83 

1  cleaner,  12  months,  at  $30 360. 00 

1  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  10  months,  60  days,  at  $30 368. 07 

1  cleaner,  9  months,  83  days,  at  $30 362.03 

1  cleaner,  2  months,  16  days,  at  $30 76.00 

I  cleaner,  2  months,  at$30 60.00 

1  cleaner,  17J  days,  at$l 17.76 

$45,540.06 

Total  expenditure  for  salaries 168, 846. 45| 
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EEPORT   OF   THE    EXECUTIVE   COMMITTEE. 
PRESERVATION  OF  COLLECTIONS,  1900. 


Balance  Be  per  report  July  1,  1900 89, 133. 82 

BXPBNDITtlRm. 

[July  1. 1900.  lo  June  30,  IWI.] 

Special  services $526.02 

Mittreilaneoue: 

Supplies $1,016.14 

Stationery 397. 07 

Freight 383.00 

Travel 296.53 

SpecimeuH ...     5, 763. 18 

DrawinKs 421. 49 

H,  277. 41 

Total  expenditures $8, 802. 43 

Balance  July  1,  1901 331. 3« 

PRESERVATION  OF  COLLECTIONS,  1900. 
Total  italemad  of  receipit  and  exprnditvrti. 

RECEIPTS. 

Appropriation  b;  Ccngrees,  act  March  3,  1899 $170,000.00 


IJuly  1. 18M.  to  June  30, 1801.] 

Salaries  or  compensation  $145,476.10 

Special  services 1,751.32 

Total  eervicea $1 47, 227. 42 

Miscellaneoue: 

Drawinf^  and  illustrations 904. 99 

Supplies 4, 286. 47 

SlHtionery 1 ,  800. 82 

Speciraena 10,569.52 

Travel 2,360,06 

Freight 2,519.33 

Tola!  miscellaneouB 22,441.19 

Total  expenditures $169, 668. 61 

Balani-e  July  1, 1901 331. 39 

PRESERVATION  OF  COLLECTIONS.  IS99. 

Balance  as  per  I a«t  report,  July  1, 1900 $1.53 

Balance  carried,  under  the  provisions  of  Revised  Statntec,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 
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KEPOBT   OF   THE    KXECUTIVB   COMMHTEB. 
NATIONAL  MUSEUM— FURNITURE  AND  FIXTURES.  1901. 


Appropriation  by  Coagreea  fertile  fiscal  year  ending  June  30, 1001,  "for 
cases,  furniture,  fixtures,  and  appliani-ee  required  for  the  exhibition 
and  tiafe- keeping  of  the  collections  of  the  National  Museum,  including 
$2,54)0  for  fumiBhing  new  lecture  room  and  including  salaries  or  com- 
pensation of  all  necessary  employees"  (sundry  civil  act,  June  6,  1900).  fl7,&00.00 

BZPBNDITUBKB. 
'  [July  1, 1900.  to  Juoe  30. 1901. | 


RegoiM. 

issr 

Total. 

•8,t^M 

IHT.W 

».tM2.K 
I6,780.»» 

t8,0W.2B 

»M7.50 

""b'SBSSc^ 

II 
11 

eo.06 

is 

19S.22 

iT.n 

82.  W 
188.61 

m.oo 

K.SM.33 

n,3J4.(n 

?nf^'I^SS^,i:SSw™:::::::::::;: 

m.m.m 

o,mi7 

K,  096. 23 

FURNITURE  AND  FIXTURES,  IBM. 
Anatym*  of  expenditure!  for  $alariee  or  cmnjmuation. 

I  superintendent  of  construction,  9  months,  at  f  127.50 

1  carpenter,  290  days,  at  $3 

1  carpenter,  236  days,  at  $3 

1  carpenter,  234  days,  at  $3 

1  carpenter,  196  days  at  $3 

1  carpenter,  127  days,  at  $3 

1  carpenter,  100  days,  at  $3 

1  carpenter,  90  days,  at  (3 

1  carpenter,  78  days,  at  $3 

1  carpenter,  34J  ilayB,  at  $3 

1  carpenter,  34J  dayf,  at  $3 

1  carpenter,  33  days,  at  $3 

1  carpenter,  26  days,  at  $3 

1  carpenter,  19  days,  at  $3 

1  carpenter,  18J  ilays,  at  $3 

1  carpenter,  14  days,  at  $3 .|- . ,. . 


. .  »1, 147. 60 

870. 00 
708. 00 
702.00 
588.00 
381.00 
300.00 
270. 00 
234.00 
103.60 
102.75 
9S.00 
78.  00 
57.00 
55.  SO 
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1  skilled  laborer,  5  moDttiB,  at  IS3.33 W16. 66 

1  skilled  laborer,  1  month,  at  |72;  2  months,  at  (60 192. 00 

1  skilled  laborer,  3  montlis,  110  days,  at  $65 431.38 

1  skilled  laborer,  10*  days,  at  12 208.00 

1  skilled  laborer,  54  days,  at  $2 10S.00 

1  skilled  laborer,  10  days,  at  »2 20.00 

1  painter,  5  months,  at  $75 376. 00 

1  workman,  236  days,  at  $1.75 413.00 

1  laborer,  48  days,  at  $1.50 73.50 

1  laborer,  45  days,  at  $1.50 67.50 

1  laborer,  27  days,  at  $1.50 40.50 

8,083.78 

LBCTl'RE  HALL. 

1  painter,  1  month,  at  $75 76.00 

1  carpenter,  45  days,  at  $3 135.00 

1  carpenter,  27  days,  at  $3 81.00 

1  carpenter,  20  days,  at  $3 60.00 

1  carpenter,  18  days,  at  $3 64. 00 

1  skilled  laborer,  27  days,  at  $2 64.00 

I  skilled  laborer,  24  days,  at  $2 48.00 

llaboi»r,  27  days,  at  $1.50 40.50 

547.50 

FDBNITURK  AND  FIXTORES.  tWO. 

Balance  as  per  report  July  1,  IflOO $575.24 


[Juln.lJOO.lo  June  BO.  IBOl. 

IU«i>l>r. 

GtllcHts. 

Total. 

r.=o 

■S:!! 

11.66 
10,26 

s.ra 

"S 

II 

20.76 

sira 

9i.ee 

IT*.  56 

286.84 

I66S.3> 
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FURNITURE  AND  FIXTURES.  IMO. 

Total  ttaUment  o/  receipu  and  ej:penditum. 


Appropriation  by  Congrese,  «ct  of  March  3,  1 


lojnneao,  1>>1.| 


1  tU«al». 

Okllerin.       Toul. 

Servin.: 

tS, 918.50 

■  ■  KiM 

•ll.T»9.<9 

"•-^wXic^. 

fl67.00 

2.V17.W 
2:470,00 

402, «  ,      2,068:66 

1.168.67  1         TTS.aO        1.9M.77 
726. M  -          HT.W         1,374.81 

281. IS 

284.03 

'mi:«i 

M2.00 

lb.  01 

143.75 

2,00 

3o:oo 

2.00 
107.10 
90.00 

8.18 

ToUlrftraiar 

11, 998. « 

9,089.71  : 

i 

Balance  July  1,  1900,  as  per  last  report . 
Balance  carried,  under  provioons  of  sei 

NATIONAL  MU8EUM-HBAT 

tion  3090 
UB  fnnd,  J 

NO  AND  L 

ES.1S99. 
$1.35 

Revised  Btatutee,  by  tbe  Treas- 
une  30,  1901. 

OHTIKa,  ETC..  1001. 

Appropriation  by  Congreae  for  the  fiscal  year  ending  June  30,  1901,  "  for 
expense  of  heating,  lighting,  electrical,  telegraphic,  and  telephonic 
service  for  tbe  National  Museum,  including  (3,500  for  electric  installa- 
tion" (sundry  civil  act,  June  8,  1900) $17,500.00 

BXPBKDITtTBn,  BEOULAK. 
[JnlT  1, 1)00,  lo  Jane  80, 1901.] 

Salaries  or  compensation 16,097. 07 

Special  Bervicea 64.60 

Total  serviceH M,  161, 67 

ng,lzcd.,C00gIC 
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Miacellaneoiw: 

Coal  w»d  wood $3,531.85 

Gaa 1,131.90 

S«Dt&l  of  call  boxes 100. 00 

Electrical  eupplim Sll.  44 

Electricity 477.71 

Heating  supplies 501.71 

Tel^trams -     M.  17 

Telephones 434. 65 

Tot&l  miacelUneoue,  r^ular |6,  SIS.  43 

Total  regular  expenditure $12, 680. 10 

ELECTRIC  INSTALLATION. 

KBCBIPTB. 

Appropriation,  "•    "    *    including  $3,600  for 
electric  inetallation." 


Salaries  or  compensation $858. 40 

Special  services 3. 00 

Total  services $861.40 

Miscellaneous: 


Supplies 1, 631. 36 

Tools 20.14 

Woodwork 328.30 

Tiavel 36.11 

Total  miscellaneous  installation 2, 070. 41 

Total  installation  expenditure $2, 931. 81 

Total  expenditure $15, 611. 91 

Balance  July  1,1901 1,888.09 

EEATINU  AND  UOHTINO,  IMI. 

Analytig  of  ejcpendihira  for  ealarien  or  comtietitation, 

1  en^neer,  12  months,  at  $122.50 $1,470.00 

1  telephone  operator,  5  months,  17  days,  at  $40;  160  days  at 

$1.50 475.44 

1  fireman,  12  months,  at  $60 720. 00 

1  fireman,  12  months,  at  $55 660.00 

1  skilled  laborer,  12  months,  at  $75 900.00 

1  ekilled  laborer,  12  months,  at  $65 780.00 

1  laborer,  307}  days,  at  $1.75 538.13 

1  Uborer,  2;i8  days,  at  $1.50 357.00 

1  laborer,  25  ilays,  at  $1.50 37. 50 

1  coal  passer,  106  days,  at  $1.50 159.00 

$6,097.07 
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Electric  intt«l1ation : 

1  acting  electrical  fureinan,  5  months,  at  ftU.Ii.'j $416. 66 

I  skilled  laborer,  18  days,  at  $3 54.00 

1  laborer,  79j  liaya,  at  $1.60. llfi.M 

1  laborer,  74  daya.  at  $1.50 111.00 

1  laborer,  52  dayg,  at  $1.50 78. 00 

1  laborer,  42}  daye,  at  $1.50 63. 75 

1  lal)orer.  lOidays,  aH.50 15.75 

HEATIM)  AND  UGHTINU,  ISOO. 


Balance  BH  per  report  July  1,  1900 $561.96 


Coal  and  wowl $17.36 

Gas 83.00 

Kental  of  call  boxes 20. 00 

Klectrical  auppliee 99. 05 

Electricity ■ 82. 99 

Heating  supplieH 39. 00 

Telegrams 20.  75 

Telephones 199.  7» 

Total  miscellaneous 

Balance  July  ' ,  19i>' 

ToliU  rt'ilement  nfreceijAt  and  expendituret. 


Appropriation  by  Congress  July  1,  1899  (act  of  March  3,  1899) $14,000.00 


Total  services $6, 684. 6S 

Miscellaneous: 

Coal  and  wood W,  666. 45 

Gas 1,208.10 

Kenlal  of  call  boxes 120.  00 

Klectrical  supplieH 644. 45 

Electricity 332. 76 

Heating  supplies 723. 53 

Telegrams 37. 60 

Telephones 582. 44 

Total  mist-el laneous 7, 315. 33 

Total  expenditures $13, 999. 9! 

Balance  July  1,  1901 f-,h-Th-  Ca^',>'9 
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HEATINQ  AND  LlnBTlKO.  IfW. 

Balance  July  1,  IfiOO,  m  per  lant  report fO.Ol 

Balance  i»rrie<l,  umler  |irovi§ion8<>[  section  3090,  Revimeil  Statutes,  by  the  Tnwniry 
Department  to  the  ereilit  of  the  suri'lu*  fund,  June  30,  1901 


Appropriation  by  Congr««8  for  thetiBcal  year  ending  June  30, 1901,  "  for  poet- 
age  etamps  anil  foreign  poHtal  eanls  for  the  National  Miueuin"  (sundry 
civil  act  June  0,  IBOO)  $500. 00 


(July  I.  l«oa.  t«  June  30. 1901.) 

For  poetHge  stamps  an<l  cards 

NATIONAL  1II;SE[;U—I'ICIKT1N<J  AM)  BINDINO.  ItOl. 


Appropriation  by  Coagrees  for  the  fiecat  year  ending  June  30,  1001,  "  for 
the  Smithsonian  Inetitution,  for  printing  labels  and  blanks  and  for  the 
'Bulletins'  and  'Proceedint^'  of  the  National  Museum,  the  editions  of 
which  shall  not  be  less  than  three  thousand  copies,  and  binding  in  half 
turkey  or  material  not  more  expensive,  scientific  books  and  pamphlets 
presente<l  to  and  acquired  by  the  National  Muaeum  library" $17,000.00 


(Julyl,  1900.  t«  June  so,  1901.) 

Bulletins  of  the  Museum $4, 045. 47 

Proceedings  of  the  Muwum 8, 076. 74 

l.abela 5tM.82 

Blanks 252.72 

Envelopes 44. 60 

Cards 50.  OB 

Binding 1,412.13 

Congressional  Secord 16.  OO 

Congressional  documents IS8. 34 

Report 7. 61 

Total  expenditures »15,578.52 

Balance  July  1 ,  1901 1, 421. 48 

.NATIONAL  MI'SKUM— RENT  OF  WORKSHOl-S,  1901. 
RBCEItTS. 
Appropriation  by  Congress  for  the  fiscal  year  ending  June  .10,  1901,  "for 
rent  o(   workaiiops  and   temporary  storage  quarters  for  the  National 
Museum"  (sundry  civil  act,  June  6,  1900) $4, (HO. 00 
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(July  I,  UOO.  to  June  SO,  ISOl.] 
Rent  of  workshops  and  storage  quart*™: 

No.  431  Ninth  street  SW |1,99B.92 

No.  21 7  Seventh  atreet  SW t 1 ,  080. 00 

No.  ai3  Tenth  street  8W 600. 00 

No.  915  Virginia  avenue  8W  (rear) 360.00 

Total  expenditures $4, 039. 9 

Balance  July  1,  1901 

RENT  OF  WORKSHOPS,  1900, 

Balance  aa  per  report  July  1,  1900 

Balance  July  1,  1901 

RENT  OF  WORKSHOPS,  1«». 

Balance  as  per  last  report  July  1,  1900 $110. 08 

Balance  ranied,  un<1er  the  provinone  of  the  Revised  Statutes,  seiiion  3090,  by  Uie 
Treasury  Department  to  the  credit  of  the  surplus  fund,  Jiine  30,  1901. 

NATIONAL  UUSEUU— BUILDING  REPAIRS,  IWl. 


Appropriation  by  Cougrem  for  the  fiscal  year  ending  June  30,  1901,  "for 
repairs  to  the  buildings,  ehop«,  and  sheds,  National  Museum,  includ- 
ing repairs  of  roof,  and  for  all  necessary  labor  and  material "  (srindry 
tivil  art,  June 6,  1900) 115,000.00 


lJiilj'l,imo,lo  June  90, 1901.1 

Salaries  or  compensation f  7, 861 .  44 

Speeial  servicee 442.86 

Total  services- 88, 104. 2fl 

Hiscellaneous: 

Temxto  and  tile  floors $2, 037. 01 

Lumber 286.57 

Cement,  uravel,  sand,  etc 475. 60 

Hardware  and  tools 170.79 

Paints,  oils,  brushes 229.  79 

Skylights  and  ventilator J40. 00 

Steel  plates,  angles,  panels,  et^; 1,122.09 

Drawings 281 .  50 

Advertising 41.26 

Travel 52.35 

Woodwork 242.62 

Bricks 59.50 

6Ib« 3.80 

Decorating  walls  and  ceilings 767.90 

Totol  miscellaneous ft,  010. 78 

Total  expenditures $14,115,07 

Balance  July  1,  IHOl 
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B"'I,DIK0  RKPAIRS.  1901. 

1  euperiDtendent,  2  monthe,  at  1260 $500. 00 

1  HiiperintendeDt  of  conBtmction,  3  months,  Ht  (127.50 382. 50 

1  Bt«notn«pher  and  typewriter,  22  days,  at  $2 44.00 

1  earpeDter,  234i  days.  a»  tS  -t 702.75 

Icarpehter,  109  days,  at  $a 327.00 

1  carpenter,  105}  daya,  at  $3 31T.  25 

1  carpenter,  80  days,  at  $3 240. 00 

1  carpeuter,  78  daya,  at  (3 234. 00 

1  carpenter,  26  daya,  at  $3 78. 00 

1  (»rpenter,  12  daya,  at  f3 36. 00 

1  carpenter,  10  days,  at  f3 30. 00 

1  carpenter,  4  daya,  at  $3 - 12, 00 

1  bricklayer,  9  days,  at  $4 .SO.  00 

1  bricklayer,  0  days,  at  (4 36. 00 

1  plumber,  48  daya,  at  $3.60 168,00 

1  painter,  3  montha,  15  daya,  at  |75 262. 50 

1  workman,  78  daya,  at  $1.75 136.50 

1  skilled  laborer,  10  montha,  42*  daya,  at|70 795. 97 

1  skilled  laborer,  4  montha,  IS  days,  at  f66 301.17 

1  Hkilled  Uborer,  124Jday8,  at  J2 248.00 

1  skilled  laborer,  4  montha,  at  $60 240. 00 

1  ekilled  laborer,  11 8i  days,  at  $2 237.00 

1  akilled  laborer.  tMj  daya,  at  $2 189.00 

1  akilled  laborer,  2  month?,  at  $83.33 166.66 

1  akilled  laborer,  43J  daya,  at  $2 87. 00 

1  skilled  laborer,  28  daya,  at  $3 81. 00 

1  akilled  laborer,  25  daya,  at  $2 50. 00 

1  skilled  laborer,  20i  daya,  at  $2 41. 00 

1  skilled  laborer,  4i  days,  at  $2 9. 00 

1  Uborer,  77i  days,  at  $1.75 135.ai 

1  laborer,  31 J  days,  at  $1.75 55.13 

1  laborer,  K31  days,  at  $1.50 389.  75 

1  laborer,  225  days,  at  $1.50 3.17.50 

1  laborer,  174i  daya,  at  $J.60 261.38 

1  laborer,  86  daya,  at  $1.50 12S.  00 

1  laborer,  81  days,  at  $1.50 121.50 

1  laborer,  81  days,  at  $1.50 121.50 

1  laborer,  44i  daya,  at  $1.50 ". 66. 75 

1  laborer,  30  daya,  at  $1.50 45.00 

1  laborer,  4  days,  at  $1 .50 6. 00 

Briu>lH(i  aEPAiR.4,  leoo. 


Balance  as  per  reiwrt  July  1,  1900 $251.  ( 

[July  1, 1900.  t"  June  30, 1901.) 

Iron  columns $98. 45 

Glass 4.00 

MiBi«llaneiius  womlwork 60.00 

Cement,  gravel,  mortar,  piaster 4,1.  77 
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Hardware $15.50 

Paint 1.50 

DrawintjH  tmd  iilann 25.00 

Tutal f  250. 22 

Balance  July  I,  1901 .' .85 

BUILDIKM  REPAIRS,  19G0. 

Total  glaUmrxit  of  receipU  and  expfiuKtwret. 


Appraiiriation  hy  Congrees  March  3,  18M $6,000.00 


Salariew  or  romiiensati(ni $1,8.33.55 

HiiKellaiieouH: 

TemiEzo  fiixirg $2, 166.  HI 

Cement,  ean<l,  niortar,  lime,  gtsvel,  eli- 399. 22 

Hardware 58. 94 

Painta  and  oils 101 .  82 

Gtass 162.31 

Steel  beams  and  aii);lee , 457. 23 

Iron  columns 98. 45 

Drawings,  decorating  w&llx,  etc 392, 25 

Cloth  and  paper 19. 88 

Doors  and  molding 320. 20 

Lumber 65. 06 

BricltB 13, 93 

Removing  dirt 10.00 

Total  miscellaneouH 4, 165. 60 

Totol  expenditnres ...  $5, 999. 15 

Balance  July  1,  1901 .85 

BDILDINO  REPAIRS,  1K99. 

Balanee  as  per  report  July  1,  1900 $0,91 

Balance  c-arrieil,  under  provisions  of  Revised  Statutes,  aeetion  3090,  by  the  Treasury 
Departuieut  to  the  credit  of  the  tnirplus  fund,  June  30,  1901. 

NATIONAL  MUSEUM— GALLERIES.  ISW. 


Balance  «e  per  report  July  1 ,  1900 $205.  79 

[July  J,  1900.  lo  June 30,  1901.] 

Ironwork $20.5.  1 2 

Balance 67 

Balance  carried,  under  the  provisions  of  R.-viseil  Statutes,  flection  3090,  by  the 
Treaanry  Department  to  the  creilit  of  the  surplus  fund,  June  30,  1901.     ("(-)i\o|i" 
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UALLERIES.  11(99. 
ToUil  ttnttmmt  nj  rfceifllf  nnd  trprndilura. 

Apprapriation  by  Congrew  Jnly  1,  !8»8 $10,000.00 


Salaries  or  competiBatiou $940.56 

Ransome  arches 1, 609. 38 

Ironwork 3, 627. 35 

TerraMO  and  marble  floor 1 ,  295.  OS 

Hardware  anil  tools 54. 6(1 

lumber 103. 34 

Cement,  etc 234. 45 

Drawings  and  blue  prints 85. 00 

Adverti)rin){ 61. 07 

Paint 25,65 

Bricks 46.00 

Woodwork 156.00 

Canvas 29. 21 

Skylight  and  venlilatora 1, 782. 20 

Travel 23. 10 

Sheeting 21.12 

Paper 6. 25 

Total  expend itu ret) 19,999.33 

Balance 67 

Balance  carried,  under  the  provisions  of  Beviswl  Statutes,  section  3090,  by  the 
Treaaiiry  Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 
NATION-AL  MUSEUM— BOOKS,  IMl. 
RECBIFTB. 

Appropriation  by  Congreas  for  the  fiscal  year  en<ling  June  30,  1901,  "for 
purchase  of  l>ook(i,  pamphlets,  and  periodicals  for  reference  in  the 
National  Mustuni "  (sundry  civil  act,  June  6,  1900) f2, 000. 00 


(juiyi,  ism.  loJuiicao.  laoi.) 
For  purchase  of  lNK>ka,  pamphlets,  and  periodicals  from  July  1,  I9O0,  to 
June  30.  1901 (1,141.96 

BalanwJuly  1,  1901 858.04 

BOOKS,  1900. 
RBTBIPTS. 

Balance  as  per  report  July  I,  1900 $878.72 


[July  1, 1900,  loJiiTi«30.  IWI.] 

For  pnn^hase  of  books,  pamphlets,  and  periodicals  from  July  1,  1900,  to 
June  30,  1901 $848.0 

BalanreJuly  1,  1901 |...„.|...^?.q^^^.6 
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T<jiat  ulnlesHi^tti  ii/recajtl»  and  fj^umditura. 

RBCBirrx. 

Aoprapriation  by  Congrew  Manrh  3,  1899 52, 000. 00 

[July  1, 1«»,  (11  July  3D.  IKI1.1 

I'or  pun-haae  of  hooka,  pamphlets,  and  periodiculij SI,  989. 36 

BaUnceJiily  1,  1901 30.64 

BOOKS,  IHW. 


Ba1an<«  aa  per  report  Jaly  1,  1900 $25-  08 


[July  I.  Itoo.  to  June  30, 1«ai.| 
of  iHtobe,  pamphlets,  anil  {lerioclicalB tl7. 25 

Balance 7.83 

Balance  otrrieil,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treas- 
ury Department  lo  the  credit  of  the  surplus  fund,  June  30,  1901. 

BOOKS,  vm. 

Total  itntemeM  of  rteeipU  and  erjiendilurrg. 


Appropriation  by  Congren  July  1, 1898 ?2, 000. 00 


[July  1, 1898, 1«  June  3D.  IWl.) 

For  purchase  of  books,  pamphlets,  and  periodicals $1,992.17 

Balance 7. 83 

Balance  carried,  under  pn)visions  of  Revised  Statutes,  section  3090,  hy  the  Treas- 
ury Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 

NATIONAi.  MUSEUM— PUBCIIASE  OF  SPECIMENS.  1901. 


Appropriation  by  Conf;reH8  for  the  fiscal  year  ending  June  :)0,  inoi,  "(or 
purchase  of  specimens  lo  supply  deficiencies  in  the  (-ollei-tionfl  of  the 
National  Museum"  (sundry  civil  act,  June  6,  1900) $10,000.00 


[July  1,  leOD.  luJuneSO,  IWl.] 

For  purchase  of  specimens $6,941.44 

Balance  July  1,  1901 ^--8,068,66^ 
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ASTROPHYMICAL  OBSKBVATORY,  iJMITMHONIAN  INSTITtlTIDS,  1 


Appriipriatitm  by  Congress  (or  the  lineal  year  ending  June  30,  1901.  "fur 
inaintt-nance  of  AstrophyBJral  OI)Hor\'atory,  iincier  the  ilirection  of  tlic 
Smithminiaii  Institution,  iii<-lu<lin^  salaries  of  awietaiits,  the  purchase 
of  iiettt'sBry  iKioks  and  i>eriiidicaU,  apparatus,  printing  an<l  publi^hinj; 
rfWiilte  of  reHcarfthef,  not  exceeding;  one  thousand  Ave  hundred  copies, 
repaint  aixl  alterations  of  buildings,  and  miscellaneous  expenses,  twelve 
thousand  .lollare"  (sundry  civil  ant,  June  6,  liHX)) $12,000.00 


Salaries  or  rompenBation; 

1  aid,  12  months,  at  fl75 ?2, 100. 00 

1  clerk,  1  inonlh,  at  $125 12S.  00 

t  junior  assistant,  12  months,  at  $110 1, 320, 00 

1  stenographer,  12  months,  at  $100 1.200.00 

I  instninient -maker,  9  months,  at  $80 720.00 

1  fireman,  12  months,  at  $50 COO.  00 

1  phototrrapher,  29  days,  at  $4,50 KW.SO 

5  .■arpenters,  22  days,  at  $.■! fifi.OO 

2  painlere,  «  daj-s,  at  $2.80 16. 80 

2  painters,  6  days,  at  $2 12.00 

1  skilled  laborer,  4^  days,  at  $70  per  month  ...  10. 16 

1  labow.  Sdayp,  attl.75 8.75 

6  laborers,  98J  days,  at  $1.50 147. 76 

1  cleaner,  ItW  days,  at  $1 166.00 

Total  ealaries  or  compennation $6, 622. 96 

General  expenses: 

Apparatus $1, 417. 43 

Books 98. 69 

Klectric  power 1 16.  70 

Freight 5. 00 

Fuel ...  61.80 

Drawings  and  illustrationit 16. 40 

Lumber 19. 88 

Reports 3,106.34 

Stationery,  supplies,  etc 321. 98 

Traveling  expenses 133. 02 

5,297.24 

Total  disbursemenls $1 1, 920. 20 

Balani-e  July  1,  1901 79.80 

ASTROPHVSICAL  OBSERVATORY.  1900. 

Balan<-c  July  1,  1900,  as  per  last  report $1, 215.  7H 


General  expenses: 

Apparatus $880. 00 

Books KO.  42 

Freight 18. 86 

Fuel , 27. 30 

Drawings - 2a  00 
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General  expenaee — Continued. 

Electric  power $54. 59 

LiiDiber 3. 36 

Piistage  and  telef^p)) .99 

Services fl.OO 

-Supplies ■_..  154.27 

Traveling  expennes 17. 00 

Total  diehursenientB Jl ,  21 2. 79 

Balance  July  1,  1901 2. 99 

ASTROPHVSICAL  OBSERVATORY,  I8W. 

Balance  tui  per  la«t  report,  July  1,  1900 $3.97 

Balance  carried,  under  the  proviaioiM  of  Revised  statutes,  section  3090,  by  the 
Treaeury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 

OBSERVATION  OF  ECLIPSE  OF  HAY  2S,  leco. 

Balani.'e  July  I,  1900,  an  per  lairt  report $1,529.20 


General  expensen: 

Apparatus $437.64 

Freight 62. 75 

Supplies 47. 39 

Telephone  and  telegraph 33. 48 

Transportation 3. 00 

Travel  and  field  eipeneeti 189. 20 

Total  diwburseinenis $77.H,  48 

Balance  July  1,  1901 755. 74 

L  ZOOU)GICAL  PARK.  HOI. 


Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1901,  "for 
continuing  the  construction  of  roads,  walks,  bri<^^,  water  supply, 
sewerage  and  drainafte;  and  for  grading,  plandng,  and  otherwise 
improving  the  grounds;  erecting  and  repairing  buildings  and  inclos- 
ures;  care,  subsistence,  purchase,  and  transportation  of  animale,  includ- 
ing Milaries  or  compensation  of  all  necessary  employees,  the  purchase 
of  necessary  Ixroks  and  periodicals,  and  general  incidental  expenses 
not  otherwise  provided  tor,  seventy-five  thousand  dollars;  one-halt  o( 
which  sum  shall  be  paid  from  the  revenues  of  the  District  of  Columbia 
and  the  other  half  from  the  Treasury  of  the  L'nited  States;  and  of  the 
Mun  hereby  appropriatetl,  five  thousand  dollars  shall  be  used  for  con- 
tinuing the  entrance  into  the  Zoological  I'ark  from  Cathedral  avenue, 
and  opening  driveway  into  Zoologiial  Park,  including  necessary  grad- 
ingandremoval  of  earth:  I'ronidfd,  That  the  unexpended  balance  of  the 
amounts,  ai^regating  eight  thousand  dollars,  heretofore  appropriated 
for  widening,  grading,  and  regulating  Adams  Mill  road  from  Columbia 
road  to  the  Zoological  Park  entrance,  is  hereby  reappropriated,  to  be 
expended  under  the  direction  of  the  Commissioners  of  the  District  of 
Columbia;  an<l  that  the  control  of  .idama  Mill  road  is  hereby  *ested 
in  the  said  Commissioners,  and  all  proceedings  necessary  to  purchase  _^ 
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or  <H)nden)n  tlie  land  neceieary  to  widen  Raid  road  aa  authorized  bv  act 
approveti  March  third,  eighteen  hundred  and  ninety-nine,  providing 
for  aundry  civil  i'xpeni<e«  of  the  fliivemineiit  for  the  fisral  year  ending 
June  thirtieth,  nineteen  hundred,  and  tor  other  purpoaeM,  shall  be 
taken  by  raid  ConiniiRsionem"  {sundry  civil  act,  June  6,  1900) $75,000.00 

Salaries  or  ciiiuiwnBation: 

1  Buperintendent,  Vi  months,  at  $2ZA $2, 700. 00 

1  property  derk,  12  months,  at  $150 ,  1,800.00 

Iderk,!"*  ""'"'*'*■"**'* \  1,200 

lO  months,  at  $110 1 

1  copyist,  12  months,  at  $90 1,080.00 

1  copyiBt,  3  days,  at  $1.50 -..  4.-W 

1  Btencq^pher,  12  months,  at  $62.50 750.00 

1  hea<l  kee[>cr,  12  months,  at  $100 1,200.00 

1  keeper,  12  months,  at  $60 720.00 

I  keeper,  12  months,  at  $60 720.00 

1  keeper,  12  months,  at  $60 720.00 

1  keeper,  12  months,  at  $60 720.00 

1    landiicape  gardener,   5i   months,  at  $75;   2 

months,  «  days,  at  $83.33 601.;!8 

1  assistant  foreman,  6  months,  at  $60;  6  inonths, 

at$65 750.00 

1  watchman,  12  months,  at  $60. 720. 00 

1  watchman,  12  months,  at  $60 720.00 

(6  months,  at  $60 1  33^.00 

Is  months,  at  $.Vi ) 

1  blat-ksmith,  12  months,  at $7.") 900.00 

1  assistant  i)Iacksmith,  12  months,  at  $60. 720. 00 

1  workman,  12  months,  at  $60 720,00 

1  workman,  12  months,  at  $50 600. 00 

1  laborer,  12  mouths,  at  $60 720.00 

1  laborer,  lOJ  months  and  9  d8)'8,  at  $50 539. 52 

1  IfllH.rer,/^'"'""''^'^'*^ \  630.00 

l6  months,  at  $55 1 

1  lalwrer,  1 1  i  [nonths,  at  $50 575. 00 

1  laborer,  2J  months  and  12  days,  at  $20 58.  00 

Total  Halariew  or  i-.)m|)eiisalion $20, 4118. 40 

Miscellaneous: 

Buildings 1 ,  31*2. 39 

Building  material 78.  -W 

Cameran :«;t.  15 

i'encing,  cage  materials,  etc 1,099.17 

PiKxl 8,74!i.45 

FieiKht 457.  3:1 

Fuel 841.33 

Furniture 243. 00 

Illustrations 15. 00 

Lumber 1,122.12 

Machinery,  tools,  etc 480. 6;i 

Miscellaneous Ki7. 50 

Paints,  oilf,  glass,  etc 219.  32 

Postage  and  telegraph 174. 95 


tchman,{" 


izcd.,  Google 
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Miecellaneoos — ('ontio  ue<  1 . 

Purchase  of  animalB $2, 634. 68 

Rood  materials  and  gradinf; 981. 6t 

Stationery,  books,  etc 133. 63 

Surveying,  plana,  etc 622. 00 

Traveling  and  field  expensefi 454. 41 

Trees,  plants,  etc 13. 10 

Water  supply,  sewerage,  etc 652. 32 

Total  miacellaneouB $21,460.33 

Wages  of  nieehanii«  and  laborers  and  hire  of  teams 
in  eonstructing  buildings  and  inolosures,  laying 
water  pipex,  building  roails,  guttera,  an<l  walks, 
planting  trees,  and  otherwise  improving  the 
tirounda: 

1  carpenter,  M  days,  at  ftJ 168, 00 

1  carpenter,  29J  days,  at  $3 88. 60 

1  carpenter,  23  days,  at  »;1 87. 00 

1  carpenter,  27  days,  at  $.t 81.00 

1  lairpenter,  24  days,  at  $3 72.00 

1  carpenter,  14  days,  at  $3 42.00 

1  (Mrpenter,  13  days,  at  $3 39. 00 

1  carpenter,  SOH^ys,  atfS 118.50 

1  rarpenter,  29)  days,  at  (3 88. 50 

1  carpenter,  29J  days,  at  t3 88. 50 

1  carpenter,  24  days,  at « 72.00 

1  carpenter,  8  days,  at  $3 24. 00 

1  carpenter,  2S1  days,  at  $3 88. 60 

1  carpenter,  2071  days,  at  $3 802.50 

1  painter,  18  days,  at  $3 54.00 

<Uborer,5idays,  St 51.501 

'  Ipainter,  7U  days,  at  f3. . t ^^^■'^' 

1  painter,  4  days,  at  53 12.00 

1  iiainter.  4  days,  at  $3 12. 00 

1  painter,  3  days,  at  $3 9.00 

1  tinner,  3H  days,  at  8^.50 88.12 

1  laborer,  365  days,  at  $2.50 912.60 

1  laborer,  121  days,  at  52.50 302.50 

1  laborer,  283t  ilayp,  at  52 567. 50 

I  laborer,  365  days,  at  52 730. 00 

1  laborer,  6  <lay8,  at  52 12;  00 

Jll  dayw.  at $2,, 
"■  1264J  days,  at  51.50  f 

1  workman.  3«5  days,  at  51.75 638. 75 

1  laborer,  13;!}  days,  at  51-75 234.06 

1  laborer,  365  days,  at  1,76 638. 76 

1  laborer,  341 J  daya.  at  51-75 597.64 

1  laborer,  286  days,  at  51-75 500.60 

1  laborer,  303  days,  at  51.75 530.25 

1  laborer,  2531  days,  at  $1.75 443. 21 

1  laborer,  .■)65i  days,  at  51.50 548.26 

1  laborer,  4day8,  at  51.50 6.00 

1  laborer,  276 J  days,  at  $1.60 416.13 

1  laborer,  67j  lUys,  at  51.50 101.64    p  ,|,iz«i     GoOqIc 


llalK,rerL^,^V„=  J.  «V:^'   «»■  » 


llalKTer    ,„,,,;■    .,  „  ,"    598.68 
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Wajjee  ot  iiieclianiwi  and  lalxirerB,  eli;.  —Continued. 

I  laborer,  365}  davB,  at  11.50 $548. 63 

riSOdays,  at  $1.50.. 
''■\l79HayB,  at»1.75.f 

1  lalwrer,  372 days,  at  $1,50 558.02 

]  laborer,  282*  days,  at$l.50 423.77 

1  laborer,  27HJ  days,  at  $1.50 418.  H 

1  laliorer,  258  days,  at  $1.50 387. 01 

1  laborer,  2MidayB,  at  $1.M 351.38 

1  laborer,  228idayB,  at  $1.50 342.39 

1  laborer,  1961  ''ays,  at  $1.50 294. 37 

1  lalKirer,  195i  days,  at  $1.50 293.82 

1  laborer,  171}  days,  at$l..W 257.83 

I  lalwrer,  102}  daya,  at  $1.50 154. 13 

1  laborer,  1251  'laya,  at  $1.50 187. 88 

llaborer,  14j  days,  at  $1,50 21.75 

1  laborer,  25)  ilays,  at  $1,50 38. 25 

1  lalxirer,  81  davF.  at  $1.50 121.50 

I  laborer,  100}  days,  at  $1.50 151.13 

1  lalwrer,  199  days,  at  $1.50 Z9H.50 

1  laborer,  33]  days,  at  $1.50 36. 63 

1  laborer,  339  days,  at  $1.50 508.50 

1  Uborer,  28}  days,  at  $1,50 43.12 

llaborer,  23dayB,  at  $1.50 34.50 

1  laborer,  20 dayH,  at  $1.50 30.00 

I  Uborer,  5  days,  at  $1.50 7.50 

1  laborer,  1031  "layB,  at  $I.5ii 154.  «8 

1  laborer,  3131  days,  at  $1.50 469.88 

1  laborer.  941  daye,  at  $1.50 141.38 

1  laborer,  4  days,  at  $1.50 6.00 

1  laborer,  338i  days,  at  $l,rrt) 508, 13 

1  laborer,  87  days,  at  $1.50 100,60 

1  laborer,  691  days,  at  $1.50 8«.  88 


1  laborer 


1  laborer  {. 


r25davs,  at  $1,251 

1571  days,  at  $1.50/ "''  ^^ 

1  laborer,  41  daye.  at  $1.50 61.50 

1  lalK>rer,  13  daya  at  $1.50 19. 50 

1  laborer.  8  days,  at  $1.50 12,00 

1  lalwrer,  4  days,  at  $1.50 6.00 

1  laborer,  2J  <lays,  at  $1.50 3. 75 

1  lal)orer,  2  days,  at  $1.50 3. 00 

1  lalwrer,  ft«l  days,  at  $1,25 70, 31 

(32days,  at$l ( 

'"  \H6«1  days,  at  $1.25.1 ^"'^ 

I  laborer,  14J  days,  at  $1,25 1«.  12 

1  laborer,  365  days,  at  $1.25 45«.  25 

1  laborer,  441  'lays,  at  $1.25 55. 32 

I  lalxirer,  llj  daym,  at  $1.25 14.06 

I  laborer.  111  <lays,  at  $1.25 14. 06 

1  lal)orer,  322}  days,  at $1 322.75 

1  laborer,  263}  daya,  at  $1 263.75 

1  lalwrer,  252}  days,  at  $1 252.  75 

1  laborer,  61}  days,  at  $1 61.75 

1  laborer,  5}  days,  al  f  1 5. 75 


Google 
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Rgea  of  mech&iiics  and  labnrem,  etc.— Continued. 
1  laborer  1^'  ^>"-  "'  ''^  '-^aUiX 

l29day«,  at  Jl / 

1  laborer,  4)  days,  at  75  centa 

laborer,  12^  days,  at  $1.50 

llabo«,r    (56Jday«,at?1.251 

\30  days,  at  $1.50/ 

1  laborer,  l2UdayB,  at?1.50 

1  laborer,  121  days,  at  $1.25 

/  attendant  (185  days,  at  75  cenlJi.  ,1 

^  I  laborer      llTSdaye,  atH I  

1  attendant,  278  days,  at  75  centa 

I  attendant,  at  75  rente 

1  attendant,  93  daye,  at  75  cents 

^  /attendant  (247)  days,  at  75  cents^ 

liaborer      ll22i  days,  at  $1: J 

1  attendant,  26^  days,  at  50  cents 

1  weeder,  188  days,  at  75  cents 

1  water  boy,  121  days,  at  50  cents 

1  water  boy,  21fl}  dayn,  at  50  cents 

1  water  boy,  342]  daye,  at  50  cents 

1  water  boy,  12  days,  at  50  cents 

1  water  boy,  61  days,  at  50  cents 

1  water  boy,  49  days,  at  50  cents 

I  water  l>oy,  28}  days,  at  50  cents 

1  water  boy,  121  days,  at  50  cents 

1  wagon  and  team,  {  day,  at  $:) 

1  wagon  and  team,  22j  days,  at  (3 

1  w^^n  and  tea:n,  194}  days,  at  $3 

1  wagon  and  team,  5J.dayi>,  at  $3 

1  horse  and  cart,  155}  days,  at  $1.50 

1  hoise  and  cart,  30]  days,  at  $1.50 

1  horse  and  cart,  G7J  days,  at  $1.50 

1  horse  and  cart,  8  days,  at  $t.50 

1  home  and  cart,  It)  days,  at  $1.50 

1  horse  and  cart,  Ifij  days,  at  $1.60 

1  horse  and  i«rt,  281  day?,  at  $1.50 

1  horse  and  cart,  17}  days,  at  $1.50 

1  horse  and  cart,  8  ilays,  at  $1.50 

1  horse  and  cart,  7  days,  at  $1.50 

1  horse  and  cart,  7|days,  at  $1,50 

1  horse,  1 J  days,  at  $1 

1  horse,  297}  days,  at  50  tents 

I  /stonebreaker,  1 37  cubic  yards,  at  60  cents  .  1 

Wlwrer,  85  days,  at  $1.60 ' 

1  stonebreaker,  92}  cubic  yania,  at  (tO  cents . . . 
1  stonebreaker,  34}  cubic  yards,  at  60  centfl . . . 

Total  wages  of  mechanics,  etc 


Total  disbursements $65, 197. 71 


$33.32 
3.66 
18.37 


31B.  75 

208.50 

.75 

B9.75 

307.89 


171.38 
6.00 
30.50 
24.50 
14.  .17 
6.25 


2.2; 


45.37 
101.25 

12.00 


44.25 
26.63 

12,00 
10.50 
10.50 

1,50 
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NATIONAL  ZOOLOGICAL  PARK.  1900. 

Balanoe  July  1,  1900,  as  per  laet  report fH,  907. 46 

Transferred  to  Commissioneni  Dielrict  of  Columbia  (sundry 

civil  act,  June  6,  1900) 5,000.00 

S8,907.M 


General  expenses: 

Buildings jn5.20 

Books 318. 6S 

Came»H 445. 00 

Fencing  anil  iiige  material 1, 046.  SS 

Food 1,288.92 

Fuel 145.39 

Furniture 60. 00 

Freight 689.13 

Lumber 328. 8.3 

Machinery,  IooIh,  ttle 2ei.»7 

Miscellaneous 122.87 

Riinta,  oil,  glass,  etc 40.97 

Poetage,  telephone,  and  telegraph 75. 94 

Purchase  of  animals 2:».  00 

Road  material  and  gradii^ 1, 338. 84 

ijpeclal  services 480. 00 

Surveying,  plane,  etc 984. 00 

Traveling  and  field  expenses 629. 23 

Trees,  plants,  etc 710, 60 

Water  supply,  sewerage,  etc 195.27 

Total  disbursemente $9, 513. 16 

Balance 394. 30 

NATIONAL  ZOOLOGICAL  PARK.  1899. 

Balance  July  1,  1900,  as  per  last  report $82. 31 


General  expenses: 

Books $:i.l8 

Miscellaneous 13. 67 

Special  services 50. 00 

Postage 2. 00 

Total  disbursements $68. 85 

Balance 13.46 

Balance  carried  under  the  provisions  of  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 

RECAPITULATION. 
The  total  amount  of  funds  ailministered  by  the  Institution  during  the  year  ending 
June  30,  1901,  appears  from  the  foregoing  statements  and  the  account  books  to  have 
been  as  follows: 


From  balance  of  last  year,  July  1,  1900 $76, 219. 07 

From  interest  on  Smithsonian  fund  tor  the  year 54,720.00 

From  interest  on  West  Shore  bonds ] ,  680. 00 

From  sales  of  publicatJons 188. 69 

From  repayments  of  freight,  etc 10,240.80 

$143, 048. 46 
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IS.  076. 59 


International  ex<'ha[ifce»<— Smithwinlan  InHlltiitioii: 

From  balance  ot  l«9fl-99 $1.59 

From  balance  of  1899-1900 2,  .liSa.  tCI 

Prom  appro|>riatioii  tor  1900-1901 24,000.00 

•26  S40  4^ 

Ameri<sn  cthnoltvy — .Sniitbxonian  InBtitutwn;  '       ■   - 

From  Italance  of  1898-1*9 92. 48 

From  balanro  of  1899-1900 2, 147. 35 

From  apprt>|.riation  for  1900-1901  ftO.  000. 00 

PreMrvatioii  „f  riil1e<'1iom*— National  Miim-um:  ''^'  ^^-  *^ 

From  balance  of  lH9S-9fl L.W 

From  balance  of  1899-1900 9. 133. 82 

From  appropriation  for  1900-1901 180,000.00 

Furniture  and  fixtures — National  Museum:  '   '    ' 

From  balance  of  1898-99 1.36 

From  balance  of  1899-1900 575.24 

From  appropriation  for  1900-1901 17,600.00 

Heating  and  lightinfc,  etr. — National  Mueeum: 

From  balance  of  1898-99 .01 

From  balance  of  1899-1900. 561. 9« 

From  appropriation  for  1900-1901 17,500.00 

Postage— National  Museum:  '^      '^      '     '^'^'■^'^ 

From  appropriation  for  1900-1901  500, 00 

Printing — Nationitl  Museum: 

From  appropriation  for  1900-1901 17, 000. 00 

Kent  of  wurkflhopij,  eto. — National  Museum: 

From  Imlanceof  1898-99 110.08 

From  balance  of  1899-1900 .08 

From  appropriation  for  1900-1901 4, 040. 00 

Building  repairs — National  Museum:  ' 

From  Ulanceof  1898-99 .91 

From  balance  of  1899-1900 261.07 

From  appropriation  for  1900-1901 15,000.00 

Gollerie*— National  Museum:  ""'  ^^^-  ^^ 

From  balance  of  1868-99....; 205.79 

Books — National  .Museum: 

From  balance  of  1898-99 25. 08 

From  balance  of  1899^1900 878.72 

From  appropriation  for  1900-1901 2, 000. 00 

Purchase  of  specimens— National  Museum:  ^'  '*'■'■  ** 

From  appropriation  for  1900-1901 10, 000. 00 

Agtrophysical  Observatory — Smithsonian  Institution; 

From  balance  of  1 898-99 3. 97 

From  balance  of  1899-1900 1, 215. 78 

From  appropriation  for  1900-1901 12,000.00 

Observation  of  eelipwe  of  May  28,  1900:  '"^'  ^^"^  '^ 

From  balance  July  1,1900 1,529,20 

National  Zoologiial  Park: 

From  balance  of  1898-99 82. 31 

From  balance  of  1899-1900 9, 907. 46 

From  appropriation  for  1900-1901 75, 000. 00 

84,989.77 

DgitzedbvGoOgle 
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Smithaonian  tiixtitution 9143,046.46 

Exchai^ea 26,540.42 

Ethnology 52,239.83 

Preeervatjon  of  collections 189, 136. 35 

FumitufB  and  fixtures 18, 076. 69 

HcAtJng  and  lighting 18. 081. 97 

Postage 500. 00 

Printing 17.000.00 

Rent  of  worbehopa 4, 160. 16 

Building  repairs 1 5. 251 .  98 

Galleries 205.79 

Boobfl 2.903.80 

Purchase  of  spedmena 10, 000. 00 

Astrophyeicai  Otoervatory 13, 21fl.  75 

Observation  o[  eclipse  of  May  28,  1900 1,529.20 

National  Zoological  Park 84, 989. 77 

— 596,863.07 

The  committee  has  examined  the  vouchers  for  pa^'ment  from  the 
Smithsonian  income  during  the  year  ending  June  3(1,  1901,  each  of 
which  bears  the  approval  of  the  Secretary  or,  in  his  absence,  of  the 
acting  Secretary,  and  a  certificate  that  the  materials  and  services 
charged  were  applied  to  the  purposes  of  the  Institution. 

The  committee  has  also  examined  the  accounts  of  the  several  appro- 
priations committed  by  Congress  to  the  Institution,  and  finds  that  the 
balance.s  hereinbefore  given  correspond  with  the  certificates  of  the 
disbursing  clerk  of  the  Smithsonian  Institution,  whase  appointment  as 
such  disbursing  oflScer  ha.s  been  accepted  and  his  bond  approved  by  the 
Secretary  of  the  Treasury. 

The  quaiterly  accounts  current,  the  vouchers,  and  journaL-s  have  been 
examined  and  found  correct. 

SnUmenl  of  reguUir  inarmr  from  the  •Smiihfonian  fund  arailahlr/or  uw  hi  the  yev-  fitding 
June  30,  I90S. 

Balance  July  1,  1901 $83,963.26 

(Including  rash  from  executors  of  J.  H.  Kidder) $5,000.00 

(Including  cash  tpora  Dr.  Alex.  Graham  Bell) 5,000.00 

10,000.00 

Interest  due  and  receivable  July  1, 1901 27,360.00 

Interest  due  and  receivable  January  1,  3902 27,360.00 

Interest,  Wert  Shor^Bsilrwad  bonds,  due  July  1.  1001 840.00 

Interest,  West  Shore  Railroad  bonds,  due  January  I,  1002  ...         840.00 

66,400.00 

Total  available  for  year  ending  June  30,  1002 140,363.26 

Respectfully  submitted. 

J.  H.  Hender-son, 
Ai.F:xANi>Ga  Graham  Brll, 

KOHERT    R.    HiTT, 

Executive  ('(itiiiiiittee, 
Washipkjton,  D,  C,  JarmaTtj  14-,  J903. 
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ACTS  AND  RESOLUTIONS  OF  CONGRESS  RELATIVE  TO 
THE  SMITHSONIAN  INSTITUTION,  ETC. 


n  previoDH  RepiirM.J 


[Fifly-riiih  Ongrcm,  iwcniiiJ  awrion.) 
8HlTH»ONIAN    INSTITUTION. 

Rt^olved  hy  the  Senate  and  Iloime  nf  Rejrre>u-ntati\yrii  of  the  T'nited 
StateM  of  America  in  Vongrem  oMHeinMed.  That  the  vacancy  in  the 
Board  of  Regents  of  the  Smithsonian  Institution  of  the  eIa.SH  other  than 
members  of  Congress,  caused  by  the  death  of  William  Lyne  Wilson, 
of  Virginia,  shall  be  filled  by  the  appointment  of  (leorge  Gray,  a  resi- 
dent of  Delaware.  (Approved  January  14.  IHOl;  Statutes.  XXXI, 
1459.) 

That  facilities  for  study  and  research  in  the  (Jovernment  Depart- 
ments, the  Library  of  Congn-ss,  the  National  Mu.seum,  the  Zoologioil 
Park,  the  Bureau  of  Ethnology,  the  Fish  CVimmission.  t)ie  Botanic 
Gardens,  and  similar  institutions  hereafterestablished  shall  be  afforded 
to  scientific  investigators  and  to  duly  qualified  individuals,  students, 
and  graduate's  of  institutions  of  learning  in  the  several  States  and  Ter- 
ritories, as  well  as  in  the  District  of  Columbia,  under  such  rules  and 
restrictions  as  the  heads  of  the  Depai'tiiient^j  and  Bureaus  mentioned 
may  prescribe.     (Approved  March  3,  lihH;  Statutes.  XXXI.  103S.) 

Smitiisonian  Dki-osit  [Library  ok  ConqressJ. — For  custodian,  one 
thousand  tivc  hundred  dollars;  one  assistant,  one  thousand  two  hundi'ed 
dollars;  one  messenger,  seven  hundred  and  twenty  dollars;  one  mes- 
senger boy,  three  hundred  and  sixty  dollars;  in  all,  three  thousand 
seven  hundred  and  eightv  dollars.  (Appn>ved  March  H,  IHOl ;  Statut#.s, 
XXXI.  »70.) 

international  exchajjoks. 

For  expenses  of  the  system  of  international  exchanges  l>etween  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessaiy 
emplovees,   and   the   purcha.se   of    necessary   books  and  periodicals. 
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twenty-four  thousand  dollars.  (Approved  March  3,  1901;  Statutes, 
XXXI,  1116.) 

Treasury  Department,  Contisoent  KxrENSBS.-To  pay  the 
account  of  the  Smithsonian  Institution  for  the  transmission  of  mail 
matter  for  the  Treasury  Department  for  the  fiscal  years  as  follows: 

For  the  fiscal  year  nineteen  hundred  and  one,  two  hundred  and  forty- 
four  dollars  and  five  cents. 

For  the  fiscal  vear  nineteen  hundred,  four  hundred  and  fifty-three 
dollars  and  fifty  cent**.  (Approved  March  3,  1901;  Statutes,  XXXI, 
1012.) 

NATIONAL   MCSKUM, 

For  cases,  furniture,  fixtures,  and  appliances  required  for  the  exhi- 
bition and  safe-keeping  of  the  collections  of  the  National  Museum, 
including  salaries  or  compen.sation  of  all  necessary  employees,  twenty 
thousand  dollars. 

For  expense  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  National  Museum,  including  five  thousand  dol- 
lars for  electric  installation,  twenty-three  thousand  dolkrs. 

For  removing  old  boilers  in  the  National  Museum  building,  and  for 
the  purchase  and  installation  of  new  boilers,  including  material  and 
labor  for  necessary  alterations  and  connections,  twelve  thousand  five 
hundred  dollars. 

For  continuing  the  preservation,  exhibition,  and  increase  of  the  col- 
lections from  the  surveying  and  exploring  expeditions  of  the  Govern- 
ment, and  Trom  other  soui-ces,  including  salaries  or  compensation  of 
all  nece.ssary  employees,  one  hundred  and  eighty  thousand  dollars,  of 
which  sum  live  thousand  five  hundred  dollars  may  l>e  used  for  neces- 
sary drawings  and  illustrations  for  publications  of  the  National 
Museum;  and  all  other  necessary  incidental  expenses. 

For  purchase  of  specimens  to  supply  deficiencies  in  the  collections 
of  the  National  Museum,  ten  thousand  dollars. 

For  puniha-ic  of  books,  pamphlets,  and  periodicals  for  reference  in 
the  National  Museum,  two  thousand  dollai's. 

For  repairs  to  buildings,  shops,  and  sheds.  National  Museum,  includ- 
ing all  necessary  labor  and  material,  fifteen  thousand  dollars. 

For  construction  of  two  galleries  in  the  National  Museum  building, 
five  thousand  dollars. 

For  rent  of  workshops  and  temporai'y  storage  quarters  for  the 
National  Museum,  four  thousand  four  hundred  dollars. 

For  postage  stamps  and  foreign  postal  cards  for  the  National 
Museum,  five  hundred  dollars.  (Approved  March  3,  lOOl;  Statutes, 
XXXI,  1U7.) 

For  the  Smithsonian  Institution,  for  printing  labels  and  blanks,  and 
for  the  "Bulletins"  and  "Proceedings"  of  the  National  Museum,  the 
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editions  of  which  shall  not  be  less  than  three  thousand  copies,  and 
binding,  in  half  turkey,  or  material  not  more  expensive,  scientilic 
books  and  pamphlets  presented  to  and  acquired  by  the  National 
Museum  Library.  sevent«en  thousand  dollars.  (Appiyived  Man;h  3, 
1901;  Statutes.  XXXI.  1187.) 

RUREAU    OF  AMERICAN    ETHNOLOGT. 

For  continuing  ethnological  re8eai'che.-s  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  compensation  of  all  necessary  employees  and  the  purchase  of  neces- 
sary books  and  periodicals,  tifty  thousand  dollars,  of  which  sum  not 
exceeding  one  thousand  five  hundred  dollars  may  be  used  for  rent  of 
building.     (Approved  March  3,  11M)1;  Statutes,  XXXI,  1U6.) 

For  payment  of  outstanding  accounts  for  transportation  incurred 
during  the  fiscal  year  eighteen  hundred  and  ninety -seven  under  the 
appropriation  "North  American  Ethnology,  Smithsonian  Institution," 
forty-seven  dollars  and  sixty-one  cents.  (Approved  March  3,  1901; 
Statute,  XXXI,  1018.) 

NATIONAL  ZOOLOaiCAI,    PARK. 

For  continuing  the  construction  of  roads,  walks,  bridges,  water 
supply,  sewerage,  and  drainage;  and  for  grading,  planting,  and  other- 
wise improving  the  grounds;  erecting  and  repairing  buildings  and 
inclosure.s;  care,  subsistence,  purchase,  and  transportation  of  animals; 
including  salaries  or  compensation  of  all  necessary  employees;  the 
purchase  of  necessary  books  and  periodicals,  the  printing  and  publish- 
ing of  operations,  not  exceeding  one  thousand  five  hundred  copies,  and 
general  incidental  expenses  not  otherwise  provided  for,  eighty  thou- 
sand dollars;  one-half  of  which  sum  shall  be  paid  from  the  revenues 
of  the  District  of  Columbia  and  the  other  half  fmm  the  Treasury  of  the 
United  States;  and  of  the  sum  hereby  appmpriated  five  thousand  dol- 
lars shall  be  used  for  continuing  the  entrance  into  the  Zoological  Park 
from  Cathedral  avenue  and  opening  driveway  into  Zoological  Park, 
including  necessary  grading  and  removal  of  earth.  (Approved  March  3, 
1901;  Statutes,  XXXI,  1147.) 

A8TROPHT8ICAL   OBSEHVATORr. 

For  maintenance  of  Astrophysical  Observatory,  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  the 
purchase  of  necessary  books  and  periodicals,  apparatus,  printing  and 
publishing  results  of  researches,  not  exceeding  one  thousand  five  hun- 
dred copies,  repairs  and  alterations  of  buildings,  and  miscellaneous 
expenses,  twelve  thousand  dollars.  That  the  Secretary  of  the  Smith- 
sonian Institution  is  directed  to  report  to  Congi-ess  ^n  th^  fi^^^l^t(|^> 
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the  next  regular  session  an  pntire  aocoiint  of  all  appropriations  hpreto- 
fore  expended  liy  the,  Astrophysical  Observatory,  what  results  have 
been  reat^hed,  and  what  is  the  present  condition  of  the  work  of  said 
observatory.     {Approved  March  3,  1901;  Statutes,  XXXI,  114ti.) 

BIRDS   AND   EGOS   FOR   SCIENTIFIC    I'URPOSES. 

AN  ACT  To  omeixl  an  Act  entitled  "An  Act  for  the  prot«cti[)n  of  binlti,  prsserratioa 
of  gome,  and  for  the  prevention  of  ita  sale  daring  certain  closed  seaHons,  in  the 
District  of  Colnmbia." 

Be  It  en<u:ted  hy  the  Striate  and  Iftmse  of  Rejrrextmtatktex  of  the 
United  Statet  of  America  in  C<mgTeMii  annemhleti, 

"Sec.  3.  That  for  the  purpose.'^  of  this  Act  the  following  only  shall 
be  considered  game  birds:  The  Anatidie,  commonly  known  as  swans, 
geese,  brant,  river  and  sea  ducks;  the  Rallidse,  commonly  known  as 
rails,  coots,  mud  hens,  and  gallinules;  the  Limicolw,  commonly  known 
as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock,  sandpipers,  tat- 
tlers, and  curlews;  the  Gallinte,  commonly  known  as  wild  turkeys, 
grouse,  prairie  chickens,  pheasants,  partridges,  and  quails;  and  the 
species  of  Icteridse,  commonly  known  as  marsh  blackbirds  and  reed 
birds  or  rice  birds, 

"That  no  person  shall  kill,  catch,  expose  for  sale,  or  have  in  his 
or  her  possession,  living  or  dead,  any  wild  bird  other  than  a  game 
bird,  English  sparrow,  crow,  CooiJer's  hawk,  sharpshinned  hawk,  or 
great  horned  owl;  nor  rob  the  nest  of  any  such  wild  bird  of  eggs  or 
young;  nor  destroy  such  nost  except  in  the  clearing  of  land  of  trees 
or  brush,  under  a  penalty  of  five  dollars  for  every  such  bird  killed, 
caught,  exposed  for  sale,or  had  in  his  or  her  possession,  either  dead 
or  alive,  and  for  each  nest  destroyed,  and  in  default  thereof  to  be 
imprisoned  in  the  workhouse  for  a  period  not  exceeding  thirty  days: 
Ih'ovided,  That  this  section  shall  not  apply  to  birds  or  eggs  collected 
for  scientific  purposes  under  j)ermits  issued  by  the  superintendent  of 
police  of  the  District  of  Columbia  in  accordance  with  such  instructions 
as  the  Secretory  of  the  Smithsonian  Institution  may  prescrilw,  such 
pemiitM  to  be  in  force  for  one  year  from  date  of  issue  and  nontrans- 
ferable."    (Approved  March  3,  1901;  Statutes,  XXXI,  1091.) 

world's   COLUMBIAN    COMMISSION. 

Resolveii  hy  the  Siiiate  {the  Hinute  of  lie/yreseTitatvoes  concurring). 
That  there  bit  printed  three  thousand  five  hundred  copies  of  so  much 
of  the  report  of  the  cotninittee  on  awards  of  the  World's  Columbian 
Conmiission  an  is  contained  in  the  special  reports  upon  special  subjects 
or  groups  as  were  prepared  by  expert  judges  authorized  to  act  by  the 
World's  Columbian  Commission,  its  executive  commtttea  on  nwanjs. 
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the  committee  on  finil  report,  or  the  board  of  refereove  und  control, 
of  which  one  thousand  shall  be  for  the  usp,  of  the  Senate,  two  thou- 
sand for  the  use  of  the  House  of  Representatives,  and  five  hundred 
for  distribution  by  the  Department  of  State.  {Passed  Senate  May  31, 
1900;  passed  House  March  1,  1901;  Statutes,  XXXI,  concurrent 
resolutions,  14.) 

TENNE88EK   CENTENNIAL    EXPOSITION, 

Resolved  by  the  Setiate  and  Ilouxe  of  Repreitentfitives  of  the  United 
States  <if  A/iwriai  in  Congress  asseniMed,  That  so  much  as  may  be  nec- 
essary of  the  unexpended  balance  of  the  appropriation  of  one  hundred 
thousand  dollars  provided  in  section  three  of  the  Act  to  aid  and  encour- 
age the  holding  of  the  Tennessee  Centennial  Expanition  at  Nashville 
in  eighteen  hundred  and  ninety-seven,  approved  December  twenty- 
second,  eighteen  hundred  and  ninety-six,  be  applied  to  the  preparation 
of  illustrations  and  the  piinting  and  binding  at  the  Uovemmcnt  Print- 
ing Office  of  six  thousand  copies  of  the  report  of  the  boai"d  of  man- 
agement of  the  United  States  Government  exhibit  at  said  exposition, 
under  the  direction  of  the  chairman  of  said  board.  (Approved, 
March  2,  1901;  Statutes,  XXXI,  1464.) 

LOUISIANA   PURCHASE   EXPOSITION. 

AN  ACT  To  provide  for  celebrating  the  one  hundredth  anniversary  of  the  purchase 
of  the  Louisiana  territory  by  the  United  Statea  by  holding  an  int«rnationat  exhi- 
bition of  arte,  induetriee,  manafacturex,  and  the  proflu<;t8  of  the  noil,  mine,  forest, 
and  sea  in  the  city  of  Saint  Louis,  in  the  Rtate  of  Missouri, 

Whereas  it  is  fit  and  appropriate  that  the  one  hundredth  anniversary 
of  the  purchase  of  the  Louisiana  territory  be  commemorated  by  an 
exhibition  of  the  resources  of  the  territory,  their  development,  and 
of  the  progi-es.s  of  the  civilization  therein;  and 

Whereas  such  an  exhibition  should  be  of  a  national  and  int^jrnational 
character,  so  that  not  only  the  people  of  that  territory,  but  of  our 
Union,  and  of  all  nations  as  well,  can  participate,  and  should  there- 
fore have  the  sanction  of  the  Congress  of  the  United  SUites:  There- 
fore, 

Re  it  enacted  bff  the  Seiiateand  IIou»e  if  Representativis  of  the  United 
States  of  America  in  CimijresK  (uii<e)nhh-d^  That  an  exhibit  of  arts, 
industries,  manufactures,  and  products  of  the  soil,  mine,  forest,  and 
sea  shall  iw  inaugui-ated  in  the  year  nineteen  hundred  and  three,  in 
the  city  of  Saint  Louis,  in  the  State  of  Missouri,  as  herein  provided. 

Sec.  'i.  That  a  nonpartisan  commission  is  hereby  constituted,  to 
consist  of  nine  commissioners,  to  be  known  and  designated  as  the 
"  Louisiana  Purcha.se  Exposition  Commission,"  who  shall  be  appointed, 
within  thirty  days  from  the  passage  of  this  Act,  by  the  President  of 
the  United  States,  and  who  shall  also  be  subject  to  removal  by  him. 
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VacHncie?  in  said  commi^ioD  tu  be  filled  in  the  same  manner  as  oriffinal 
appointiner.te. 

Sec.  3.  That  the  commissioners  so  appointed  shall  be  called  together 
by  the  Seoi-etary  of  State  of  the  United  States,  in  the  city  of  Saint 
Louis,  by  notice  to  the  commissioners,  as  soon  as  convenient  after  the 
appointment  of  said  commissioners,  and  within  thirty  days  thereafter. 
The  said  commissioners,  at  said  first  meeting,  shall  organize  by  the 
election  of  their  officers,  and  they  may  then,  or  thereafter,  appoint 
sueh  executive  or  other  committees  as  may  be  deemed  expedient,  and 
a  secretary  at  a  salary  of  three  thousand  dollars  per  annum;  that  in 
addition  to  the  salary  of  the  secretaiy  of  said  commission  there  is 
hereby  allowed,  out  <if  any  money  appropriated  to  aid  in  carrying 
forward  said  expof<ilion,  the  sum  of  ten  thousand  dollars  per  annum, 
or  so  much  thereof  as  may  be  ncttessary,  for  the  purpose  of  defraying 
the  clerical,  office,  and  other  necessary  expenses  of  said  commission. 

Sec.  4.  That  said  commission,  when  fully  organized  under  the  pro- 
visions of  this  Act,  shall  appoint  two  of  their  number  to  act  in  con- 
junction with  a  like  number  appointed  by  the  Louisiana  Purchase 
Exposition  Ck)mpany,  to  constitute  a  board  of  arbitration,  to  whom  all 
matters  of  difi'erence  arising  between  said  commission  and  said  company, 
concerning  the  administration,  management,  or  general  supervision  of 
said  exposition,  including  all  matters  of  difference  arising  out  of  the 
power  given  by  this  Act  to  the  said  company  or  to  the  said  national 
commission  to  modify  or  approve  any  act  of  the  other  of  the  two 
bodies,  shall  be  referred  for  determination;  and  in  the  case  of  the  fail- 
ure of  said  board  of  aibitration  to  agree  upon  such  matters  as  may  be 
so  referred,  said  hoard  of  arbitration  shall  appoint  a  fifth  member 
thereof;  and  in  case  of  the  failure  of  the  yaid  board  to  agree  upon  a 
fifth  member,  such  fifth  member  shall  then  be  appointed  by  the  Secre- 
tary of  the  Treasury.  And  the  decision  of  said  board  shall  be  final  in 
all  matters  presented  to  it  for  consideration  and  determination. 

Sec.  5.  That  said  commission  Ije  empowered,  in  its  discretion,  to 
accept,  for  the  purposes  of  the  exposition  herein  authorized,  such  site 
as  may  l»e  selected  and  offere'd,  and  such  plans  and  specifications  of 
buildings  for  such  purpose  at  the  expense  of  and  tendered  by  the 
corporation  organized  under  the  laws  of  the  State  of  Missouri,  known 
as  "The  Louisiana  Purchase  Exposition  Company." 

Sec.  6.  That  the  allotment  of  space  for  exhibitors,  classification  of 
exhibits,  plan  and  scope  of  the  exposition,  the  appointment  of  all 
judges  and  examiners  for  the  exposition,  and  the  awarding  of 
premiums,  if  any,  shall  all  be  done  and  performed  by  the  said  Louisi- 
ana Purchase  Exposition  Company,  subject,  however,  to  the  approval 
of  the  commission  created  by  section  2  of  thlg  Act;  and  said  corn- 
mission  is  hereby  authorized  to  appoint  a  board  of  lady  manners,  of 
such  number  and  to  perform  such  duties  as  may  be  preacribed  by  said 
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commission,  subject,  howev<>r,  to  the  approval  of  said  company.  Said 
board  of  lady  managei'^^  may,  in  th«  discretion  of  said  commission  and 
corporation,  appoint  one  m<'mber  of  all  committt^KiM  authorized  to 
award  prizes  for  such  exhibits  as  may  have  been  produced  in  whole  or 
in  part  by  female  la)>or. 

Sec.  7.  That  after  the  plans  for  said  exposition  shall  he  prepared 
by  said  company  and  approved  by  said  commission  the  rulej^  and  regu- 
lations of  Boid  corporation  governing  rates  for  entrance  and  admission 
fees  or  otherwise  affecting  the  I'ights,  privileges,  or  intei'ests  of  the 
exhibitors,  or  of  the  public,  shall  be  fixed  or  established  by  said  com- 
pany, subject,  however,  to  the  moditicatiori  or  approval  of  said  com- 
mission. 

Sec.  ».  That  said  commission  shall  provide  for  the  dedit»tion  of 
the  buildings  of  the  ]>(>ui.siana  Purcba-^e  Exposition,  insaldcity  of  Saint 
Loui.s.  not  later  than  the  thiitieth  day  of  April,  nineteen  hundred  and 
three,  with  appropriate  ceremonies,  and  thereafter  said  exposition 
shall  be  opened  to  visitors  at  such  time  as  may  be  designated  by  said 
com|)any,  subject  to  the  approval  of  -said  commission,  not  later  than 
the  first  day  of  May,  nineti^^en  hundred  and  three,  and  shall  be  closed 
at  such  time  as  the  national  commission  may  determine,  subject  to  the 
approval  of  said  company,  but  not  later  than  the  first  day  of  December 
thereafter. 

Seo.  3.  That  whenever  the  President  of  the  United  States  shall  be 
notified  by  the  national  commission  that  provision  has  t)een  made  for 
grounds  and  buildings  for  the  uses  herein  provided  for,  he  shall  be 
authorized  to  make  proclamation  of  the  same,  through  the  Depart- 
ment of  State,  setting  forth  the  time  at  which  said  exposition  will  be 
held,  and  the  purpose  thereof:  and  be  shall  communicate  to  the  diplo- 
matic representatives  of  foreign  nations  copies  thereof,  together  with 
such  regulations  as  may  be  adopted  by  the  commission,  for  publication 
in  their  respective  countrie.s;  and  he  shall,  in  behalf  of  the  Govern- 
ment and  the  people,  invite  foreign  nations  to  take  part  in  the  said 
exposition  and  to  appoint  representatives  thereto. 

Skc.  10.  That  all  articles  which  shall  I»e  imported  fntm  foreign 
countries  for  the  sole  purpose  of  exhibition  at  said  exposition,  upon 
which  there  shall  be  a  tariff  or  customs  duty,  shall  be  adiuitted  free  of 
payment  of  duty,  customs  fees,  or  charges,  undt-r  such  regulations  as 
the  Secretary  of  the  Treasury  shall  prescrilw:  but  it  shall  be  lawful 
at  any  time  during  the  exposition  to  sell,  for  delivery  at  the  close 
thereof,  any  goods  or  propei:ty  imported  for  and  actually  on  exhibition 
in  the  exposition  buildings  or  on  the  grounds,  subj(!Ct  to  such  regula- 
tions for  the  security  of  the  revenue  and  for  the  collection  of  import 
duties  as  the  Secretary  of  the  Treasury  shall  presiTibe:  Priirlded, 
That  all  such  articles,  when  sold  or  withdrawn  for  consumption  in  the 
United  States,  shall  be  subject  to  the  duty,  if  any,  imposed  upon  such 
articles  by  the  revenue  laws  in  force  at  the  date  of  importation,  and 
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all  penalties  prcijcrtbed  by  law  shall  be  applied  and  enforced  a^inst 
such  articles  aod  agaiDst  the  person  who  maj'  he  gfuilty  of  any  ille^l 
sale  or  withdrawal. 

Sec.  11.  That  it  i^hali  be  the  duty  of  the  national  commission  to 
make  reports  monthly  to  the  President  of  the  United  States,  showing 
receipts  and  disbursements  and  giving  a  general  summary  of  the 
tinancial  condition  of  said  exposition,  and  a  final  report  within  six 
months  after  the  close  of  the  exposition,  presenting  the  results  and  a 
futl  exhibit  thereof. 

Sec.  12.  That  the  national  commission  hereby  authorized  shall  cease 
to  exi.st  on  the  first  day  of  January,  nineteen  hundred  and  iivo. 

Sec.  13.  That  the  United  States  shall  not  in  any  manner  nor  under 
any  ciivumstances  be  liable  for  any  of  the  acts,  doings,  proceedings, 
or  representations  of  the  said  I^ouisiana  Purchase  Exposition  Com- 
pany, its  otGcers,  agents,  or  employees,  or  any  of  them,  or  for  the 
service,  salaries,  labor,  or  wages  of  -said  officers,  agents,  servants,  or 
employees,  or  any  of  them,  or  for  any  subscriptions  to  the  capital 
stock,  or  for  any  certificates  of  stock,  bonds,  mortgages,  or  obligations 
of  any  kind  issued  by  said  corporation,  or  for  any  debts,  liabilities,  or 
expenses  of  any  kind  whatever  attending  such  corporation  or  accruing 
by  reason  of  the  same. 

Sec.  14.  That  there  shall  be  exhibited  at  said  exposition  by  the  Gov- 
ernment of  the  United  States  from  its  Executive  Departments,  the 
Smithsonian  Institution,  the  National  Museum,  the  United  States  Com* 
mission  of  Fish  and  Fisheiics,  and  the  Department  of  Labor,  such  arti- 
cles and  material  as  illustrate  the  function  and  administrative  faculty 
of  the  Government  in  time  of  peace  and  its  i-esourccs  as  a  war  power, 
tending  to  demonstrate  the  nature  of  our  institutions  and  their  adapta- 
tion to  the  wants  of  the  people;  and  the  Bureau  of  the  American  Repub- 
lics is  hereby  invited  to  make  an  exhibit  illustrating  the  resources  and 
international  relations  of  the  American  Republics,  and  space  In  the 
United  States  Government  building  shall  l)e  provided  for  the  puipose  of 
said  exhibit;  and  to  secure  a  complete  and  harmonious  arrangement  of 
such  (iovernment  exhibit  a  board,  to  be  known  as  the  United  States 
Government  board,  shall  be  created,  independent  of  the  commission 
hereinbefore  provided,  to  be  charged  with  the  .selection,  purchase, 
preparation,  transpoi'tation,  arrangement,  instiitlation,  safe-keeping, 
exhibition,  and  return  of  such  articles  and  material  as  the  heads  of  the 
several  Executive  Depatiments,  the  Seci-etary  of  the  Smithsonian  Insti- 
tution, the  Commissioner  of  Fish  and  Fisheries,  the  Commissioner  of 
Labor,  and  the  Director  of  the  Bureau  of  the  American  Republics  may, 
respectively,  decide  shall  be  embraced  in  said  Government  exhibit.  The 
President  may  also  designate  additional  articles  for  exhibition.  Such 
board  shall  be  composed  of  one  person  to  he  nauied  by  the  head  of  each 
Executive  Department,  one  by  the  Secretary  of  the  Smithsonian  Insti- 
tution, one  by  the  Commissioner  of  Fish  and  Fisheries,  one  by^'the 
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Commuiaioner  o(  Labor,  and  one  by  the  Director  of  the  Bureau  of 
American  Republics.  The  President  ghall  name  one  of  said  [>ei'sons  so 
detailed  as  chairman,  and  the  board  itself  shall  appoint  its  secretary, 
disbursing  officer,  and  such  other  officers  as  it  may  deem  necessary. 
The  members  of  said  board  of  management,  with  other  officers  and 
employees  of  the  Government  who  may  be  detailed  to  assist  them, 
including  officers  of  the  Army  and  Navy,  shall  receive  no  compensation 
in  addition  to  their  regular  salaries,  but  they  shall  be  allowed  their 
actual  and  necessary  traveling  expenses,  together  with  a  per  diem  in 
lieu  of  subsistence,  to  be  fixed  by  the  Secretary  of  the  Treasury,  while 
necessarily  absent  from  their  homes  engaged  upon  the  business  of  the 
board.  Officers  of  the  Army  and  Navy  shall  receive  this  allowance  in 
lieu  of  the  transportation  and  milet^e  now  allowed  by  law.  Any  pro- 
vision of  law  which  may  prohibit  the  detail  of  persons  in  the  employ 
of  the  United  States  to  other  service  than  that  which  they  customarily 
perform  shall  not  apply  to  pei-sons  detailed  for  duty  in  connection 
with  the  said  Louisiana  Purchase  Exposition.  Employees  of  the  board 
not  otherwise  employed  by  the  (iovernment  shall  be  entitled  to  such 
compensation  as  the  board  may  determine.  The  disbursing  officer 
shall  give  bond  in  the  sum  of  thirty  thousand  dollars  for  the  faithful 
performance  of  his  duties,  said  bond  to  be  approved  by  the  Secretary 
of  the  Treasury.  The  Secretary  of  the  Treasury  shall  advance  to  said 
officer  from  time  to  time,  under  such  regulations  as  the  Secretary  of 
the  Treasury'  may  prescribe,  a  sum  of  money  from  the  appropriation 
hereafter  to  be  made  for  the  Government  exhibit,  not  exceeding  at 
any  one  time  the  penalty  of  his  bond,  to  enable  him  to  pay  the  ex- 
penses of  exhibit  as  authorized  by  the  board  of  management  herein 
created. 

Sec.  15.  That  the  Secretary  of  the  Treasury  is  hereby  authorized 
and  directed  to  place  on  exhibition,  in  connection  with  the  exhibit  of 
his  Department,  upon  such  grounds  as  shall  be  allotted  for  the  pur- 
pose, one  of  the  life-saving  stations  authorized  to  be  constructed  on 
the  coast  of  the  United  States  by  existing  law,  and  to  cause  the  same 
to  be  fully  equipped  with  all  apparatus,  furniture,  and  appliances  now 
in  use  in  all  life-saving  stations  in  the  United  States. 

Sec.  16.  That  the  Secretary  of  the  Treasury  shall  cause  a  suitable 
building  or  buildings  to  be  ei'ected  on  the  site  selected  for  the  Louisiana 
Purchase  Exposition  for  the  Government  exhibits,  as  provided  in  this 
Act,  and  he  is  hereby  authorized  and  directed  to  contract  therefor  in 
the  same  manner  and  under  the  same  regulations  as  for  other  public 
buildings  of  the  United  States;  but  the  contracts  for  said  building  or 
buildings  shall  not  exceed  the  sum  of  two  hundred  and  fifty  thousand 
dollars,  which  sum,  or  so  much  thereof  as  may  be  necessary,  is  hereby 
appropriated,  out  of  any  money  in  the  Treasury  not  otherwise  appi-o- 
priated,  to  defray  the  expense  of  erecting  said  Government  building  or 
buildings  hereby  authorized.  The  Secretary  of  the  Trcasui^j-  shall 
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cause  the  said  building  or  buildings  to  be  constructed  from  plans  to  t»e 
approved  by  said  Government  board;  and  he  is  authorized  and  requii-cd 
to  dispose  of  such  building  or  buildings,  or  the  material  composing 
the  same,  at  the  cloae  of  the  exposition,  giving  preference  to  the  city 
of  Saint  Louis  or  to  the  said  Louisiana  Purchase  Exposition  Company 
to  purchase  the  same  at  an  appraised  value,  to  l)e  ascertained  in  such 
manner  as  he  may  determine. 

Sec.  17.  That  the  commissionei's  appointed  by  the  President  under 
the  authority  of  this  Act  shall  receive  as  compensation  for  their  serv- 
ices and  expenses  the  sum  of  five  thousand  dollars  each  per  annum, 
the  same  to  be  paid  hy  the  Secretary  of  the  Treasury  and  deducted 
from  any  money  appropriated  for  said  exposition. 

Sec.  18.  That  no  member  of  said  commission  or  of  said  (jovernment 
board,  whether  an  officer  or  otherwise,  shall  be  personally  liable  for 
any  debt  or  obligation  which  may  be  created  or  incurred  by  the  said 
commission  or  by  the  said  United  States  Government  board  herein 
authorized. 

Sec.  19.  That  whereas  the  Secretary  of  the  Treasury  has  certified, 
under  date  of  February  sixth,  nineteen  hundred  and  one,  that  the  Loui- 
siana Pui-chase  Exposition  Company  has  presented  to  him  proof  to  his 
satisfaction  that  it  has  raised  ten  million  dollars  for  and  on  account  of 
inaugurating  and  carrying  forward  an  exposition  at  the  city  of  Saint 
Louis,  Missouri,  in  the  year  nineteen  hundred  and  three,  to  celebratti 
the  one  hundredth  anniversary  of  the  purchase  of  the  Louisiana  Ter- 
ritory; therefore  there  is  hereby  appropriated,  out  of  any  money  in 
the  Treasury  not  otherwise  appropriated,  the  sum  of  five  million  dol- 
lars, to  aid  in  carrying  forward  such  exposition,  to  pay  the  salaries  of 
the  members  and  secretary  of  the  national  Commission  herein  author- 
ized, and  such  other  necessary  expenses  as  may  be  incurred  by  said 
commission  in  the  discharge  of  its  duties  in  connection  with  said 
exposition,  and  to  discharge  all  other  obligiition-s  incurred  by  the 
Government  on  account  of  said  exposition,  except  for  the  erection  of 
its  own  buildings  and  the  making  and  care  of  its  own  exhibits  at  said 
exposition.  That  the  money  hereby  appropriated  shall  be  disbursed 
under  the  direction  of  the  said  Louisiana  Purchase  Exposition  Com- 
pany utider  rules  and  regulations  to  l)e  prescribed  by  the  Secretary  of 
the  Ti-easury  and  upon  vouchers  to  be  appi-oved  l)y  him:  Piiymihd^ 
That,  except  for  the  payment  of  the  salaries  and  exj^nses  of  the 
national  commission,  no  part  of  said  appropriation  shall  become 
available  until  the  sum  of  ten  million  dollars  shall  have  been  expended 
hy  said  company  on  account  of  said  exposition  to  the  satisfaction  of 
the  Secretary  of  the  Treasury:  Pt'ocUhd  furtkci;  That  all  sums 
expended  by  the  Government  on  account  of  said  exposition,  including 
the  salaries  and  expenses  of  said  national  commission,  except  for  the 
erection  of  its  ywn  buildings  and  the  making  and  care  of  its  own 
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exhibits  at  said  exposition,  shall  be  liaiited  to  and  laid  out  of  the 
appropriation  of  five  million  dollars  herein  provided  for  such  purpose. 

Sec.  20.  That  there  whall  h)e  repaid  into  the  Treasury  of  the  United 
States  the  same  propoi-tionate  amount  of  the  aid  given  bv  the  United 
States  as  shall  be  repaid  to^ither  the  Louisiana  Purchase  Exposition 
Company  or  the  city  of  Saint  Louis:  Providtil,  That  this  section  shall 
not  be  taken  or  construed  to  give  the  United  States  a  right  to  share  in 
the  proceeds  of  said  exposition  lie^'ond  the  actual  amount  appropriated 
to  aid  in  carrying  forward  said  exposition. 

Sec.  21.  That  any  bank  or  trust  company  located  in  the  city  of 
Saint  Louis,  or  State  of  Missouri,  may  be  designated  by  the  Louisiana 
Purchase  Exposition  Company  to  conduct  a  banking  office  upon  the 
exposition  grounds,  and  if  the  bank  so  designated  shall  he  a  national 
bank,  upon  such  designation  being  approved  by  the  Comptroller  of 
the  Currency,  said  national  bank  is  hereby  authorized  to  open  and 
conduct  such  office  as  a  branch  of  the  bank,  subject  to  the  same  restric- 
tions and  having  the  same  rights  as  the  hank  to  which  it  lielongs: 
Providi-d,  That  the  branch  office  authorized  hereby,  if  the  same  .shall 
be  a  branch  of  a  national  bank,  shall  not  be  operated  for  a  period 
longer  than  two  years,  beginning  not  earlier  than  July  first,  nineteen 
hundred  and  two.  and  closing  not  later  than  July  first,  nineteen  hun- 
dred and  four. 

Sec.  2^.  That  no  citizen  of  any  foreign  country  shall  be  held  liable 
for  the  infringement  of  any  patent  granted  by  the  United  States,  or  of 
any  trade-mark  or  label  registered  in  the  United  States,  where  the  act 
complained  of  is  or  shall  be  performed  in  connection  with  the  exhibi- 
tion of  any  article  or  thing  at  the  Louisiana  Purchase  Exposition. 

Se<,'.  23.  That  the  Secretary  of  War  be,  and  he  hereby  is  authorized, 
at  his  discretion,  to  detail  for  special  duty,  in  connection  with  the 
Louisiana  Purchase  Exi>osition,  such  officers  of  the  Army  as  may  be 
required,  to  report  to  the  general  commanding  the  Department  of 
Missouri:  and  the  officers  thus  detailed  shall  not  be  subject  to  loss  of 
pay  or  rank  on  account  of  such  detail,  nor  shall  any  officer  or  employee 
of  the  United  States  receive  additional  pay  or  compensation  because 
of  seiTiccs  connected  with  the  said  exposition  from  the  United  States 
or  from  said  exposition. 

Skc.  24.  That  nothing  in  this  Act  shall  Iw  so  construed  as  to  create 
any  liability  of  the  United  States,  direct  or  indirect,  for  any  debt  or 
obligation  incurred,  nor  for  any  claim  for  aid  or  jjccuniary  assistance 
from  Congress  or  the  Ti-easury  of  the  United  States  in  support  or 
liquidation  of  any  debts  or  obligations  created  by  said  commission. 

Sec.  25.  That  as  a  condition  precedent  to  the  payment  of  this  appro- 
priation the  directors  shall  eontnict  to  clo.se  the  gates  to  visitors  on 
Sundays  during  the  whole  dunition  of  the  fair.  (Approved  March  3, 
lyOl;  Statutes  XXXI,  1440.)  .  .-  ■ 
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SECRETARY  OF  THE  SMITHSONIAN   INSTITUTION, 

FOR  THE  YEAR  ENDING  JUNE  30, 1901. 


To  the  Blind  <if  Ri-rjunts  of  tlm  SiiiUlminfian  InatUutioit. 

Gentlemen:  I  have  the  honor  to  present  herewith  my 
report  showing  the  operations  of  the  Institution  during  the 
year  ending  June  30,  1901,  including  the  work  placed  under 
itiH  direction  by  Congress,  in  the  United  States  National 
Museum,  the  Bureau  of  American  Ethnology,  the  Interna- 
tional Exchanges,  the  National  Zoological  Park,  and  the 
Astiophysical  Observatory. 

Followmg  the  precedent  of  several  years,  I  have  given,  in 
the  body  of  this  report,  a  general  account  of  the  affairs  of 
the  Institution  and  its  bureaus,  while  the  appendix  presents 
more  detailed  statements  by  the  pei-sons  in  direct  charge  of 
the  different  branches  of  the  work.  Indei^ndently  of  tliia, 
the  operations  of  the  National  Museum  are  fully  treated  in  a 
separate  volume  of  the  Smithsonian  Report,  and  the  Report 
of  the  Bureau  of  American  Ethnology  constitutes  a  volume 
prc[Bired  under  the  Mupcr\-iriion  of  the  Director  of  that  Bureau. 

THE  SMITHSONIAN  INSTITUTION. 

THE    ESTAIlLiaHMENT. 

By  act  of  Congress  approved  August  10,  1846.  the  Smith- 
.sonian  Institution  was  created  an  Establishment.  Its  statutory 
mcml)ers  are  the  President;  the  Vice-President,  the  Chief 
Justice  of  the  United  States,  and  the  heads  of  the  Executive 
Departments.     The  prerogative  of  the  Establishment  is  "the 
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»upervi!>ion  of  the  affairs  of  the  Institution  and  the  advice  and 
iniitruvtion  of  the  Board  of  Regents." 

On  March  4,  1901,  the  vacancy  in  the  tneDiberijhip  of  the 
Establishment  which  had  existed  since  the  death  of  Vice-Presi- 
dent Hobart,  on  November  21,  1899,  was  filled  by  the  election 
of  the  Hon.  Theodore  Roosevelt  to  the  Vice-Presidency.  The 
Hon.  John  W.  Griggs  resigned  as  Attorney-General  and  was 
succeeded  by  the  Hon.  P.  C.  Knox. 

As  on?&nized  on  June  30,  the  Establishment  consisted  of 
the  following  ex-officto  members: 

William  McKinley,  Pretfident  of  the  United  States. 

Tmeouoee  Koosevelt,   Vice-I*re«tdvnt  of  the   United 
States. 

Melville   W,  Fuller,    Chief  Justice  of  tlie  United 
States. 

John  Hay,  Secretary  of  State. 

Lyman  J.  Gage,  Secretary  oftfte  Treumu-y. 

Elihu  Root,  Secretary  of  M^ar. 

Philander  C.  Knox,  Attitmey- General. 

Charles  Emory  Smith,  Postiiixister-  Geiu-ntl. 

John  D.  Long,  Secretary  of  the  Navy. 

Ethan  Allen  HrrcHCOCK,  Secretary  of  the  Interior. 

James  Wilson,  Secretary  of  AgrieuUure. 

BOARD   OF   REGENTS. 

The  Board  consists  of  the  Vice-President  and  the  Chief 
Justice  of  the  United  States  as  ex-officio  members,  three 
members  of  the  Senate,  three  members  of  the  House  of 
Representatives,  and  six  citizens,  "two  of  whom  shall  be 
residents  of  the  city  of  Washington  and  the  other  four  shall 
be  inhabitants  of  some  State,  but  no  two  of  them  of  the 
same  State." 

In  accordance  with  a  resolution  of  the  Board  of  Rcgcntti 
adopted  January,  1890,  by  which  its  annual  meeting  occurs 
on  the  fourth  Wednesday  of  each  year,  the  Board  met  on 
January  23,  1901,  at  10  o'clock  a.  m. 

The  following  is  an  attstract  of  it>i  pi-ocecdings,  which  will 
be  found  in  detail  in  the  annual  report  of  the  Board  to 
Congress: 

The  Secretary  announced  the  death  on  October  17. 19WI,  of 
Dr.  William  Lyne  Wilson,  and  said  that  be  could  not  refrain 
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from  expressing  hi^  own  pergonal  sense  of  loan  at  the  removal 
of  one  whose  hroad  scholarship  and  large  expericnee  in  public 
affairs  were  joined  to  a  disposition  which  made  him  at  once  the 
most  valued  and  sympathetic  of  counselorti.  The  Hon.  J.  B. 
Henderson,  chainnan  of  the  Executive  Committee,  also  made 
some  personal  references  to  Mr.  Wilson,  which  together  with 
the  action  of  the  Board  in  his  memory  will  be  found  under 
the  head  of  "Necrology." 

The  vacancy  in  the  Board  caused  by  the  death  of  Mr.  Wilson 
was  filled  by  the  appointment  of  the  Hon,  George  Gray 
through  a  resolution  of  Congress  approved  January  li,  1901. 

The  Secretary  presented  his  report  of  the  operations  of  the 
Institution  for  the  fiscal  year  ending  June  30,  1900,  calling 
especial  attention  to  the  subject  of  the  Exchanges,  in  whose 
behalf  be  had  visited  England,  France,  and  Germany,  and  had 
endeavored  to  secure  better  arrangements  with  those  coun- 
tries, and  he  hoped  that  from  France  and  perhaps  from  Ger- 
many fuller  returns  might  be  expected. 

He  also  spoke  of  the  Zoological  Park  and  his  desire  that 
the  Government  would  place  in  that  city  of  refuge  for  the 
vanishing  animal  races  of  the  North  American  continent,  some 
specimens  of  the  giant  animals  of  Alaska. 

Mr.  Hitt  here  brought  to  the  attention  of  the  Board  the 
oration  which  had  been  delivered  upon  the  occasion  of  the 
conferring  of  the  degree  of  Doctor  of  Science  upon  the 
Secretary  by  the  University  of  Cambridge.  England,  which 
Mr.  Henderson,  whom  the  Regents  "knew  to  be  a  scholar 
who  loved  the  tasks  of  scholarship,  had  translated  into  such 
Knglish  as  Horace  would  have  used  if  he  had  to  speak  in 
that  tongue."  It  was  ordered  that  the  address  of  the  public 
orator  and  the  translation  by  Mr.  Henderson  be  placed  upon 
the  record. 

After  the  adoption  of  the  reports  of  the  executive  and  per- 
manent committees  which  had  been  presented  by  Mr.  Bell  in 
the  absence  of  their  chairman,  Senator  Henderson,  attention 
was  called  to  the  fact  that  a  vacancy  existed  in  the  executive 
committee,  caused  by  the  death  of  Dr.  Wilson,  and  upon 
resolution,  the  Hon.  R.  K.  Hitt  waselected  to  fill  this  vacancy. 

The  Royal  Prussian  Academy  of  Sciences  having  invited  the 
Institution  to  participate  in  the  celebration  of  the  two  hun- 
dredth anniversary  of  its  foundation,  on  the  19th  and  20th  of 
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March,  1900,  the  Hon.  Andrew  1>.  White,  United  States  Am- 
tmssador  at  Berlin  and  a  member  of  the  Hoard,  was  i-eqiicstod 
to  represent  the  Institution  on  tbia  noteworthy  occasion.  A 
suitably  engi-ossed  address  was  transmitted  through  the  De- 
partment of  State  and  presented  by  Dr.  White  to  the  Prussian 
At-ademy,  the  acknowledgment  of  which,  together  with  an 
interesting  letter  from  Dr.  White  describing  the  ceremonies, 
were  laid  before  the  Board.  Dr.  White  described  the  exer- 
cises as  having  been  of  exceptional  interest.  They  took  place 
in  the  Royal  Palace,  where  the  Emperor  received  the  entire 
lx)dy  of  guests  in  state,  surrounded  by  the  high  functionaries 
of  the  Empire  bearing  the  royal  insignia,  while  the  Monarch 
on  the  throne  delivered  an  address  of  welcome.  Later  there 
were  entertainments  in  honor  of  the  delegates,  not  onlj-  by 
the  King,  but  by  the  Chancellor  of  the  Empire  and  others. 
On  the  second  day  there  occurred  a  general  reception  in  the 
great  hall  of  the  Prussian  legislature,  which  was  also  very 
impressive. 

The  Secretary  added  that  Dr.  White  had  furthcrsaid  in  con- 
versation that  in  all  his  experience  as  a  minister  to  European 
courts  he  had  never  seen  so  imposing  a  display  of  ceremonial 
magnificence. 

Under  unfinished  business  there  L'ame  up  the  resolution 
introduced  by  Dr.  Bell  with  reference  to  the  utilization  of 
scientific  bureaus  of  the  Government  for  purposes  of  i-esearch. 
The  resolution  in  the  form  it  had  t>een  offered  at  the  previous 
meeting  was  withdrawn  by  Dr.  Bell  and  the  followiug,  which 
contained  some  alterations  intended  to  meet  the  views  of  other 
members  of  the  executive  committee,  was  presented; 

In  order  t«  facilitate  the  utilization  of  the  Government 
Departments  for  the  purposes  of  research— in  extension  of  the 
policv  enunciated  bv  Congress  in  the  joint  resolution  approved 
April  12,  l«»a: 

Remhtedy  That  it  is  the  sense  of  the  Board  that  it  is  desira- 
ble that  Congress  extend  this  resolution  so  as  to  afford  facili- 
ties for  study  to  all  properly  qualified  students  or  gmduates 
of  universities,  other  than  those  mentioned  in  the  resolution, 
and  provide  for  the  appointment  of  an  officer  whose  duty  it 
shall  be  to  ascertain  and  make  known  what  facilities  for 
research  exist  in  the  (xovernment  Departments,  and  ari-ange 
with  the  heads  of  the  Departments,  and  with  the  officers  m 
charge  of  Government  collections,  on  terms  satisfactory  to 
them,  rules  and  regulations  under  which  suitably  qualified 
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personH  may  have  access  to  these  eolleetions  for  the  purpose 
of  research  with  diie  regard  to  the  needs  and  reauirements  of 
the  work  of  the  Govcrntiient;  and  that  it  shall  also  be  his 
duty  to  direct,  in  ft  mftnner  satisfactory  to  the  heads  of  such 
Departmentji  and  officers  in  charge,  the  researches  of  such 

gtrsons  into  lines  which  will  promote  the  interests  of  the 
ovcrnment  and  the  development  of  the  natural  resources, 
^riculture,  luanufat^turea,  and  commerce  of  the  country',  and 
(generally)  promote  the  progress  of  s<;ienc«  and  the  useful 
arts, and  the  increase  and  ditlusion  of  knowledge  among  men. 

After  some  discussion  by  the  Regents,  on  motion  the  reso- 
lution was  adopted. 

The  Secretary  also  brought  to  the  attention  of  the  Board  a 
letter  received  from  Genoa  indicating  the  necessity  of  remov- 
ing the  remains  of  James  fSmithson,  interred  in  the  British 
burial  ground  at  Genoa,  to  a  new  cemetery  which  was  to  be 
chosen  later  on,  and  requesting  to  be  informed  of  the  wishes 
of  the  Regents.  After  some  discussion,  in  which  the  desira- 
bility of  bringing  the  I'emains  to  this  country  was  adversely 
considered,  the  following  resolution  was  adopted: 

RimolveiJ,  in  view  of  the  proposed  abolition  of  the  English 
cemetery  at  Genoa,  which  contains  the  remains  of  Jauies 
Smithson.  that  the  Secn'tary  be  requested  to  arrange  either 
with  the  English  church  or  with  the  authorities  of  the  National 
Burying  Ground  at  Genoa  for  the  reinterment  of  Smithson^s 
remains,  and  the  transfer  of  the  original  monument. 

The  Secretary  then  made  his  customary  statement  to  the 
Board,  remarking  that,  in  view  of  the  lateness  of  the  hour,  he 
would  pass  over  some  of  the  matters  al>out  which  he  had 
ititended  to  speak,  and  among  others  about  the  continuation 
of  his  experiments  in  afirodromics  and  the  results  of  the 
eclipse  expedition  of  May,  litOO,  which  had  .since  been  made 
public.  The  observation  of  the  eclipse  had  left  one  or  two 
interesting  but  unsettled  questions,  and  he  had  determined  to 
send  out  a  small  expedition  to  Sumatra  on  the  occasion  of  the 
exceptionally  important  eclipse  of  the  sun  in  May,  litOl. 

He  brought  to  the  attention  of  the  Board  the  proposed 
expedition  to  Babylonia  under  Dr.  Edgar  James  Banks,  who 
bad  gone  to  Constantinople  in  the  hope  of  securing  permission 
to  excavate  the  town  of  Mugheir,  which,  according  to  tra- 
dition, is  the  site  of  the  Ur  of  the  Chaldees  from  which  Abra-^ 
bam  came.     The  material  result*  of  such  expedition,  if  any, 
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which  under  Turkish  law  might  be  allowed  to  leave  the  country, 
would  be  deposited  in  the  Institution. 

Ho  also  reviewed  briefly  the  greatij'  improved  condition  of 
the  Saiithsonian  Deposit  in  the  Libi'ary  of  CongreHs  since  the 
new  quarters  bad  been  erected,  calling  attention  to  the  fact 
that  a  sum  of  not  less  than  $50,000  would  pi-obabiy  be  required 
to  supply  the  defects  in  this  Deposit  due  to  the  lack  of  adequate 
provision  for  it  by  Congi-ess  during  the  past  twenty  years, 
and  to  fill  in  the  important  sets  of  periodicals  which  can  not 
be  secured  by  exchange. 

He  reminded  the  Regents,  in  connection  with  the  projected 
International  Catalogue  of  Scientific  Literature,  that  the  first 
step  to  such  a  catalogue  had  been  taken  many  years  since  by 
Professor  Heni'y,  that  the  support  of  the  catalogue  by  private 
universities  and  libraries  in  this  country  had  been  prompt  and 
gratifying,  and  that  there  remained  but  the  supplying  of  the 
material  for  the  United  States,  for  which  he  hoped  Congress 
would  provide,  and  while  waiting  its  action  for  carrying  on 
the  work  in  the  interim,  he  had  made  a  strictly  temporary 
provision  with  the  aid  of  the  funds  of  the  Institution.  It  was 
not  intended  by  him  to  recommend  any  permanent  contribu- 
tion from  the  In.stitution's  limited  funds. 

The  Secretary  then  made  a  statement  with  regard  to  the 
Museum  and  it<i  needs,  announcing  that  he  had  recently 
arranged  that  the  Assistant  Secretary  should  give  his  personal 
attention  chiefly  to  the  Museum;  that  he  believed  that  the 
Committee  on  Appropriations  was  getting  to  see  the  inevitable 
necessity  of  enlarging  the  Museum  buildings,  that  with  this 
would  come  larger  responsibilities,  and  that  this  growth  and 
the  confidence  of  the  community  and  of  the  Congress  were 
due  in  a  large  measure  to  their  belief  in  that  impartial  rule 
of  the  Regents  which  has  in  the  past  guaranteed  considera- 
tion and  fairness  in  the  selection  of  Museum  officers  and  sta- 
bility in  its  policy. 

Finally,  the  Secretaiy  called  attention  to  the  fact  that  the 
continued  independence  and  usefulness  of  the  In.stitution  would 
depend  in  a  large  measure  upon  the  increase  in  its  endowment. 
When  the  Institution  was  established  over  fifty  years  ago,  itw 
fund  of  $600,000  was  relatively  a  large  one,  twice  as  large  a.s 
that  of  Yale  College,  larger  than  that  of  Princeton.  Columbia, 
ond  the  University  of  Pennsylvania,  and  only  equaled  by  the 
fund  of  Harvard.     The  Institution's  eudowmeut  has  in  the 
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fifty  years  increased  but  from  $600,000  to  somewhat  less  than 
$1,000,000,  but  the  average  endowment  of  the  five  universities 
named  In  now  about  $8,000,000,  indicating  that  in  this  regard 
the  Institution's  fund  for  scientific  purposes  is  relatively  unim- 
portant compared  with  what  it  was  fifty  years  ago. 

The  Secretary  announced  to  the  Kegents  the  fact  that  sev- 
eral new  bequests  had  been  made  to  the  Institution,  though 
none  of  these  were  realized  at  present.  While  the  Institution 
has  scrupulously  refrained  from  even  the  appearance  of  solic- 
iting funds,  yet  he  felt  that  its  own  utility  depended  lai^ly 
upon  the  increase  of  the  means  which  were  directly  at  the  dis- 
position of  the  Regents.  He  asked  for  any  instructions  as  to 
the  employment  of  means  consonant  with  the  position  and 
actual  independence  of  the  Institution  for  making  ita  fitness 
as  a  conservator  and  administrator  of  gifts  and  legacies  known 
to  the  general  public,  and  he  spoke  of  the  desirability  of  a 
wider  circulation  of  the  Secretary's  report  and  Appendix,  to 
which  he  had  given  of  late  much  personal  care.  A  discussion 
upon  the  subject  arose,  but  the  Board  adjourned  without  taking 
any  action. 

APPOINTMENT  OF   REGENTS. 

The  Hon.  Shelby  M.  Cullom,  whose  term  of  officeas  Regent 
expired  March  4,  1901,  wa«  on  March  7  reappointed  by  the 
President  of  the  Senate,  and  the  Hon.  Francis  M.  Cockrell, 
Senator  from  Missouri,  was  appointed  to  succeed  the  Hon. 
William  Lindsay,  whose  terra  as  United  States  Senator 
expired  on  March  4,  1901. 

As  organized  at  the  end  of  the  fiscal  year,  the  Board  of 
Regents  consisted  of  the  following  members: 

The  Hon.  M.  W.  Fuller,  Chief  Justice  of  the  United  States, 
Chancellor;  the  Hon.  Theodore  Roosevelt,  Vice-President  of 
the  United  States;  Senator  S.  M.  Cullom;  Senator  O.  H. 
Piatt;  Senator  Francis  M.  Cockrell;  Representative  R,  R, 
Hitt;  Representative  Robert  Adams,  jr.;  Representative 
Hugh  A.  Dinsmore;  Dr.  James  B.  Angel!;  Dr.  Andrew  D. 
White;  the  Hon.  J.  B.  Henderson;  the  Hon.  George  Gray; 
Dr.  A.  Uraham  Bell;  the  Hon.  Richard  Olney. 

ADHINISTBATION. 

The  Secretary's  time  continues  to  he  chiefly  given  to  purely 
administrative  duties,  while,  during  such  increa-singly  limited 
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opportunity  as  presents  itself  consistently  with  these,  he  en- 
deavors not  only  to  oversee  its  ecientific  investigationa  but  to 
give  bis  personal  care  to  them.  His  purpose  has  always  been, 
in  r^ard  to  the  former,  to  put  upon  those  in  immeduite  charge 
of  the  bureaus  of  the  Institution  all  the  authority  that  is  con- 
sistent with  his  own  responsibility  to  the  Board  of  Kegents. 
He  has  already  mentioned  that  the  growth  of  those  bureaus 
has  thrown  upon  the  Institution  a  very  considerable  amount 
of  clerical  labor  pertaining  to  Government  work,  so  that  the 
limited  income  of  the  Institution  is  drawn  upon  for  matteis 
which  should  properly  be  provided  for  liy  Congress. 

The  Board  has  authorized  the  Secretary  to  lay  these  matters 
before  Congress,  but  the  needs  of  other  parts  of  the  Institu- 
tion's sei-vice  have  seemed  so  pi-essing  that  he  hiw  as  yet 
deferred  doing  so  in  favor  of  such  other  demands. 

BUILDINGS. 

The  renovation  and  rearrangement  of  storage  room-t  in  the 
south  tower  was  continued  during  the  year,  and  in  the  ba.se- 
ment  additional  space  was  arranged  for  the  use  of  the  inter- 
national exchanges.  Work  was  also  begun  toward  the  con- 
struction of  a  tunnel  between  the  Smithsonian  and  Mu.seum 
bviildings  for  carrying  steam  pipes,  with  the  intention  of 
centralizing  the  heating  apparatus  and  utilizing  new  Museum 
boilers  for  heating  both  buildings.  Improvements  in  the 
Museum  building  and  in  tho  buildings  at  the  Zoological  Park 
are  mentioned  elsewhere. 

FINANCES. 
The  permanent  funds  of  the  institution  are  as  follows: 

Bequest  of  Smilhwm,  I W6 *.^I.^,  169. 00 

Keaiduary  legacy  of  Smithson,  1867 2»,  210. 6.1 

Deposito  from  Bavings  of  iucome,  1867 lOs^  620. 37 

Bt^ueflt  of  Jaiue«  Hamillon,  1875 (1,000 

Accumulated  interest  on  Hamilton  fund,  1895 1 ,  000 

2,000.00 

Bequcet  of  Simeon  Habel,  1880 600.00 

Uepoeitttfrom  proceeds  of  sale  of  bonds,  1881 51,500.00 

(iift  of  Thomas  G,  Ho-igkins,  1S91 200,000,00 

Portion  of  residuary  legacy  of  Thomas  G.  Hodgkins,  181)4 8, 000. 00 

Total  permanent  fund , 1112,000.00 
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In  additioD  to  the  above  pemmnent  fund,  the  Regents  hold 
certain  approved  milmad  bonda  which  fomi  part  of  the  fund 
eBtubliuhed  by  Mr.  }{odgkiri8  for  investigations  into  the  prop- 
erties of  atmospheric  air. 

The  act  organizing  the  Institution  (sec,  55i*l,  U.  S.  Revised 
HtatuteH)  was  amended  by  act  of  Ck»ngreas  approved  March 
12,  1891,  as  follows: 

The  Secretary  of  the  Treasury  is  authorized  and  directed  to 
receive  into  the  Trea.-ury  on  the  same  terms  as  the  original 
bequest  of  .lair  js  Smithson  such  sums  as  the  Regents  niay, 
from  time  to  time,  see  fit  to  deposit;  not  exceeding  with  the 
original  bequest  the  sum  of  one  million  dollarn:  Provided, 
That  this  shall  not  operate  as  a  limitation  on  the  power  of  the 
Smithsonian  Institution  to  receive  money  or  other  property 
by  gift,  bequest,  or  devise,  and  to  hold  and  dispose  of  the 
same  in  promotion  of  the  purposes  thereof. 

Under  this  provision  the  permanent  fund  of  $912,000  is 
deiKwited  in  the  Treasury  of  the  United  States,  and  bears 
interest  at  6  per  cent  per  annum.  The  interest  aloue  is  em- 
ployed in  carrying  out  the  aims  of  the  institution. 

The  unexpended  Italance  at  the  beginning  of  the  fiscal  year, 
July  1,  1!«M),  as  stated  in  my  last  report,  was  J7*t,iillt.07. 
The  total  receipts  by  the  Institution  during  the  year  were 
*tlt;.821».39.  Of  this  sum  J56,400  was  derived  from  interest, 
while  the  remaining  $10,42y.3!t  was  received  from  mis(%llane- 
ouH  sources. 

The  amount  disbursed  during  the  year  was  $59,085.20,  the 
details  of  which  are  given  in  the  report  of  the  executive  com- 
mittee. The  Italance  remaining  to  the  credit  of  the  Secretary 
on  June  30,  1901,  for  the  expenses  of  the  Institution  was 
?83,!t63.2fi,  which  includes  the  $10,000  specifically  referred  to 
in  previous  reports,  as  well  as  the  inten>st  accumulated  on  the 
Hodgkins  and  other  funds,  which  is  held  ^^inst  certain  con- 
tingent obligations,  besides  relatively  considerable  sums  held 
to  meet  liabilities  which  may  be  expected  to  mature  as  a  result 
of  various  si-ientific  investigations  and  publications  in  progress. 

During  the  fiscal  year  of  1901  Congres.-*  charged  the  Insti- 
tution with  the  disbursement  of  the  following  appropriations: 

Intemalicina)  Kxohanges,  Smithsonian  Institution $24,000 

American  Kthnology,  t^iiiithwinian  Insititiition .50,000 

AHtrophyxiiral  Olm^rvalury,  Siiiithinmian  In)>titutiun (12,000 

OWr\'aIioii  of  (Hilii)se  of  the  wm,  May  2«,  1900 4,000 

16.000 
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United  States  National  Muaenm: 

Furniture  iui<t  flKtures f]7, 600 

Heating  and  lighting 17, 500 

Preaervation  of  collections 180, 000 

Purchase  of  HpeCimens 10, 000 

Postage 500 

Booka 2,000 

Rent  of  workshopti 4, 040 

Repaire  to  buildings 15,000 

Printing 1 7, 000 

1283,540 

National  Zoological  Park 75, 000 

428,  S40 
All  the  voucherij  for  disbursements  made  dunng  the  fi)4cal 
year  have  )>cen  examined  by  llie  executive  committee,  and  a 
detailed  statement  of  the  receipts  and  expenditures  will  be 
found  reported  to  CongresH  in  accordance  with  the  provi«ions 
of  the  sundry  civil  acta  of  October  2,  1888,  AuguHt  5,  1892, 
and  March  3,  1899,  in  a  letter  addres.>^ed  to  tbe  Speaker  of 
the  House  of  Representatives. 

The  vouchers  for  all  the  expenditures  from  the  Smithsonian 
fund  proper  have  likewise  been  examined  and  theircorrectness 
certified  to  by  the  executive  committee,  whose  statement  will 
lie  published,  t^^ther  with  the  accounts  of  the  funds  appro- 
priated by  Congress,  in  the  report  of  that  committee. 

For  carrying  on  the  Government's  interests  under  the 
charge  of  the  Smithsonian  Institution  for  the  fiscal  year  end- 
ing June  30,  1902.  estimates  were  forwarded  as  tisual  to  the 
Secretary  of  the  Treasury.  The  following  tabic  shows  the 
estimates  submitted  and  the  sums  respectively  appropriate^: 


.   Appmiiiii 


liilprniiUoiiiil  ExchiitigHi j  PM.Wt 

Amerlun  ElhnoloR}- 60.000 

AHlrophynical  Ob«Tv«tnrj' ,  IS.OOO  , 

National  Miueum;  I 

Furniture  and  Hxturw i  %,  000  i 

Heating  uid  lighting 29,000 

Ncwbollcre li.BCIO  i 

Pre«o  t»atlon  of  tollwllomi iw,  ooo 

mirchaw  ot  specImenB '  ■£),  000 

Repsin  tobuIldln4p> 1B,-M0 

Rent  of  workahopB '  j.ttlU 

Pwugc I  MO  I 

Printing '  yi.iml 

NaUonal  Ziioloxlpal  I'ark 1  lao.OUU 
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It  was  a  pail;  of  the  original  plan  of  the  InstitutioQ  that  it« 
Secretary  should  not  give  his  time  wholly  to  administrative 
duties,  but  should,  as  a  student  of  nature,  directly  aid  in  its 
scientitic  investigations.' 

Kesearcb  work  in  Various  fields  of  science  has  been  contin- 
ued by  the  Institution  and  its  depeudencien.  The  Secretary 
has  made  some  progress  toward  the  solution  of  the  problem 
of  mechanical  flight,  and  in  the  Astrophysical  Observatory 
has  continued  work  believed  to  be  important,  which  is  de- 
scribed later. 

Through  the  Maseum  and  the  Bureau  of  American  Etbnol- 
ogj'  the  Institution  has  been  enabled  to  carry  on  various  bio- 
logical and  ethnological  researches  which  will  be  found  fully 
described  elsewhere  in  this  report  and  need  not  be  repeated 
here. 

BODGKIN3  FUND. 

Among  the  many  applications  for  grants  from  the  Hodg- 
kins  fund,  it  has  been  found  practicable  to  approve  several 
which  conform  to  the  conditions  of  the  bequest,  and  investi- 
gations in  various  lines  of  original  research  are  making  satis- 
factory advances  as  mentioned  below. 

In  November,  1900,  a  grant  was  approved  on  behalf  of 
Prof.  Wallace  C.  Sabine,  of  Harvard  University,  for  the  aid 
of  his  investigation.-)  on  sound,  the  particular  phase  of  the 
problem  under  investigation  t>eing  the  subject  of  loudness 
and  interference.  This  research  requires  apparatus  of  special 
design,  part  of  which  is  now  complete  and  is  satisfactory. 

Professor  Sabine,  who  had  charge  of  the  design  of  the  new 
symphony  hall  in  Boston,  has  for  several  years  given  much 
attention  to  the  problem  of  architectural  acoustics,  or  the 
science  of  sound  as  applied  to  buildings.  It  is  expected  that 
his  complete  report  will  be  of  much  pi^actical  interest  in  con- 
nection with  this  subject. 

In  December,  1900,  Mr.  C.  Canovetti,  chief  engineer  of  the 
city  of  Brescia,  Italy,  made  an  application  for  a  Hodgkins 

'  Renolved,  That  the  SMreUry  continue  his  reM»rchee  in  phyeical  scienre, 
and  pmwnt  such  facts  anil  prinoipkw  hs  may  t>t'  developed,  for  publication 
in  the  Smithsonian  Contribiitiona.  (Adopted'  at  int-etin^  of  Ihe  Board  of 
KcKents  January  26,  1M7.) 
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grant,  at  the  »anic  tiini'  bringing  to  my  attention  hi»  experi- 
ments which  have  liecn  awarded  prizes  by  the  Sovi^t*^  d'En- 
couragement  pour  I'lndiistrie  Nutionale.  of  Paris,  and  by  the 
Reale  Acadeuiia  dei  Lincei,  of  Rome. 

As  is  customary.  iHe  application  received  the  consideration 
of  specialists  in  the  branch  of  atmospheric  research  pursued 
by  Mr.  Canovetti,  and  after  the  acceptance  by  him  of  the  con- 
ditions set  forth  in  the  Hodgkins  circular,  a  modei-at*.  grant 
was  approved  on  his  Iwhalf  in  April,  l!)01,  for  experiments 
now  in  progres.s,  which  will  he  reported  on  later. 

Details  of  the  progress  to  date  of  the  research  mentioned 
in  my  last  report  as  conducted  by  Dr.  Victor  Schumann,  of 
Ijcipzig,  have  been  received.  The  most  noteworthy  points  in 
the  results  so  far  refer,  perhaps,  to  the  relation  of  light  and 
electricity  atid  to  the  probable  insight  into  the  nature  of  the 
Roentgen  rays  to  be  gained  in  the  course  of  this  investigation. 
The  interest  in  this  subject,  in  both  popular  and  scientific  cir- 
cles, is  now  so  widespread  that  permission  has  been  given  to 
Dr.  Schumann  to  announce  independently  in  some  journal  in 
his  own  country  the  discoveries  made  in  the  progress  of  his 
research,  reporting  them  at  the  same  time  to  the  Institution. 
It  is  felt  that  this  coui'se  will  sulwerve  the  cause  of  science 
by  satisfying  the  immediate  and  general  interest  in  this  sub- 
ject, and  that  it  will  also  ju.stly  tend  to  establish  Dr.  Schu- 
mann's right  of  priority  in  his  own  researches. 

The  investigations  of  Dr.  von  Lendenfeld,  of  the  University 
of  Prague,  ai-e  still  in  progress,  and  it  is  anticipated  that  his 
final  report,  which  is  now  awaited,  may  furnish  data  availa- 
ble for  greatly  improving  the  (instruction  of  the  meteorolog- 
ical kites  now  in  constant  use,  and  thus  l>c  the  means  of  adding 
materially  to  our  knowledge  of  atmospheric  conditions  at  high 
altitudes,  the  pi-ai:tical  applii-ation  of  which  is  of  such  general 
interest  and  usefulness. 

The  interesting  experiments  in  connection  with  kites  and 
with  air  currents  at  varying  altitudes,  which  have  been  pi-ose- 
cuted  for  some  time  at  the  Blue  Hill  Meteoi'ological  Obser- 
vatory by  Mr.  A.  Lawrence  Rotch,  are  still  in  progress,  an 
additional  grant  having  Iwen  approved  this  year  on  behalf  of 
Mr.  Rotch. 

It  will  be  rememl)ered  that  the  original  grant  mentioned  in 
my  rejtort  for  USUI  was  made  for  the  purpose  of  securing 
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automatic  kite  ret-ords  at  a  height  of  over  10,000  feet,  an  alti- 
tude which  so  lately  a*  four  yearn  ago  had  never  been  attained. 
Succeutjive  grants  have  since  been  made,  and  while  it  in  due  to 
the  poi-siatence  and  skill  of  Mr.  Kotch  and  his  assistants  that 
his  own  extraordinary  record  of  14,000  feet  has  been  surpassed 
by  him,  it  is  a  matter  of  gratification  that  the  Hodgkins  fund 
of  the  Institution  has  in  some  way  been  associated  with  auch 
results. 

Dr.  Curl  Barus,  of  Brown  Univei-sity,  whose  research  on 
ionized  air,  mentioned  in  my  last  report  as  having  been  aided 
by  a  grant  from  tbo  Hodgkins  fund,  has  during  the  progress 
of  his  investigation  frequently  summarized  his  provisional 
results  for  the  Institution.  As  in  other  cases,  because  of  the 
immediate  interest  attaching  to  this  investigation,  Dr.  Bams 
has  been  authorized  to  publish  preliminary  reports  of  his  prog- 
ress in  the  sc^ientitic  journals.  In  April,  1^01,  this  research 
was  completed  and  reported  upon  in  detail  to  the  Institution 
so  far  as  concerned  the  distrussion  of  data  accumulated  since 
the  approval  of  the  Hodgkins  grant.  This  completed  report 
is  now  in  course  of  publication  in  the  Smithsonian  Contribu- 
tions to  Knowledge. 

This  research  on  atmospheric  (wnditions,  in  investigating 
the  production  of  nuclei,  determining  their  number  per  cubic 
oentimeter,  their  veKxrity,  their  association  with  ionization, 
the  effect  of  the  presence  of  the  electric  fieW,  etc.,  proves 
interesting  not  only  in  it«  own  methods  and  results,  but 
because  of  itj^i  agreement  with  the  data  obtained  by  other 
investigators  from  different  experiments  and  theoretically 
different  points  of  view. 

The  research  of  Prof.  Louis  Bevier,  of  Rutgers  College,  in 
connection  with  the  analysis  of  vowel  sounds  is  steadily  pro- 
gressing. During  the  year  detailed  studies  of  several  vowel 
sounds  have  been  made  with  results  which  agree  well  with  the 
conclusions  arrived  at  through  an  entirely  different  method 
by  voii  llelmholtz  in  his  analysis  of  German  vowels. 

The  lower  i-esonance  detected  in  our  vowel  sounds  by  Dr, 
Bevior,  and  not  i-ecorded  by  von  llelmholtz  save  for  "a,"  will 
later  be  the  subject  of  detailed  discussion  which  will  endeavor 
to  establish  and  explain  these  facts.  A  further  report  upon 
this  research  is  awaited  with  interest. 

In  December,  1900,  a  grunt  was  approved  on  behalf  of  Dr. 
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Marey,  of  the  French  Institute,  in  aid  of  his  experiments  on 
air  currents.  This  research  has  been  materially  furthered  by 
the  successful  application  of  cbronophotography,  a  field  in 
which  Dr.  Marey's  experiments  have  heretofore  been  note- 
worthy. By  this  means  it  has  not  only  been  possible  to  ana- 
lyze the  movements  of  waves  and  currents  of  liquids  which 
are  invisible  to  the  naked  eye,  but  even  the  displacements  of 
molecules. 

From  reports  so  far  submitted,  but  as  yet  necessarily  incom- 
plete, it  is  believed  that  this  research  will  aid  materially  in 
the  solution  of  various  problems  connected  with  the  mechanics 
of  propulsion  in  fluids,  at  the  same  time  rendering  service 
in  solving  practical  questions  of  ventilation,  etv.  The  illus- 
tration indicating  the  method  of  making  visible  the  course 
of  these  otherwise  invisible  currents  round  an  obstacle  is 
appended. 

The  reader,  if  he  has  not  noticed  the  rare  experiment  of 
successful  machine  flight  of  heavy  bodies  through  the  air,  has 
probably  had  his  attention  called  at  times  to  the  extraordinary 
difference  between  the  performance  of  small  steam  vessels  like 
yachts  or  tugs,  where  with  equal  power  one  glides  through  the 
water  almost  as  though  it  offered  no  I'esistance,  while  another 
labors  in  i-oUing  a  formidable  wave  before  it.  The  same  dif- 
ferences occur  in  still  more  subtle  form  in  the  air.  We  can 
not  with  the  naked  eye  separately  see,  in  either  case,  the  cur- 
rents that  produce  the  effect,  but  by  Dr.  Marey's  most  inge- 
nious experiments  we  are  enabled  to  obtain  photographic 
records  from  which  we  can  study  the  forms  which  offer  the 
least  resistance  and  see  why  it  is.  A  single  illustration,  indi- 
cating the  influence  of  a  very  slight  divergence  from  the  best 
forms  in  the  case  of  the  air,  is  here  given. 

The  experiments  of  Prof.  A.G.  Webster,  of  Clark  University, 
on  the  propagation,  reflection,  and  diffraction  of  sound  have 
achieved  a  result  of  practical  value  in  the  construction  of  an 
instrument  capable  of  emitting  an  accurately  measured  sound. 
It  is  thus  possible,  in  treating  pei-sons  of  defective  hcjiring,  to 
decide  with  exactness  as  to  the  degree  of  deafness  in  a  sub- 
je*'t,  and  to  say  if  the  power  of  hearing  variox  at  different 
times.  An  instrument  which  furnishes  the  means  of  accu- 
rately determining  these  points  should  prove  of  value  in 
medical  treatment. 
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A  preliminary  report  has  been  received  from  Prof.  William 
Uallock,  of  Columbia  University,  New  York,  who,  as  before 
stated,  iM  conducting  a  research  on  the  motion  of  a  particle  of 
air  under  the  influence  of  articulate  sound.  General  iavesti- 
gationtj  allied  to  ^is  subject,  which  are  carried  on  in  the 
laboratory  of  Columbia  University,  although  in  no  way  aided 
by  the  Hodgkins  fund,  have  contributed  helpfully  to  a  knowl- 
edge of  the  principles  underlying  these  experiments,  and  espe- 
cially to  certain  parts  of  the  investigation  referring  to  the 
relation  between  the  amplitude  of  vibration  of  an  air  particle 
and  the  amplitude  of  vibration  of  a  film,  or  dust  particle, 
suspended  in  the  air.  Dr.  Hallock's  research  will  be  continued 
during  the  present  year,  when  a  final  report  is  expected.  . 

A  third  grant  has  been  approved  on  behalf  of  the  Journal 
of  Terrestrial  M^netisui  and  Atmospheric  Electricity,  the 
editor,  as  in  the  two  previous  years,  sending  to  educational 
establishments  a  specified  number  of  copies  of  the  Journal,  in 
accordance  with  a  list  approved  by  the  Institution. 

The  conditions  requisite  to  the  approval  of  a  grant  from  the 
Hodgkins  fund,  and  to  which  applicants  give  assent  before 
final  action,  are  stated  in  the  Hodgkina  circular,  a  copy  of 
which  was  included  in  the  report  of  last  year.  It  may,  bow- 
ever,  be  here  repeated  that  should  an  investigation  be  of  con- 
siderable duration,  a  summary  of  progress  is  to  be  submitted 
to  the  Institution  at  the  end  of  six  months,  as  well  as  a  subse- 
quent report  recording  the  final  results  of  a  research. 

These  researches  are.  in  the  words  of  Mr.  Hodgkins,  all 
devoted  to  the  "increase  and  diffusion"  of  more  "exact 
knowledge  in  regard  to  the  nature  and  properties  of  atmos- 
pheric air  in  connection  with  the  welfare  of  man,"  and  are 
aided  by  the  Hodgkins  fund,  it  is  hoped,  in  a  manner  which 
their  promoter  intended  when  he  made  his  gift  to  the  Institu- 
tion in  the  above  words. 

NAPLES  TABLE. 

Realizing  that  the  opportunity  for  study  in  the  Naples 
Zoological  Station  is  an  especial  advantage  to  .■itudents  pre- 
pared to  do  original  work  in  embryological,  histological,  or 
other  fieldtj,  the  Institution  is  desirous  of  granting  the  privi- 
lege of  the  Smithsonian  Table  to  all  applicants  so  qualified, 
and  with  this  cud  in  view  the  conditions,  which  are  here 
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rehearsed,  have  been  ninde  rtuch  a^  can  l>e  easily  complied 
with.  The  appointing  power  rest**  finally  with  the  Secretary, 
but  each  request  for  the  sent  with  its  a<:corapanying  data  is 
referred  as  a  preliminary  step  to  the  Advisory  Committee 
for  recommendation,  and  this  year,  as  heretofore,  be  has  )>cen 
inde)>ted  to  the  committee  for  valuable  suggestions  in  this 
connection  and  has  been  very  usually  guided  by  their  advice. 

With  a  formal  application  for  the  table,  addressed  to  the 
Set:retary  of  the  Institution,  a  summary  of  the  scientific  his- 
tory of  the  candidate  is  to  be  submitted,  together  with  such 
letters  of  recommendation  as  he  may  wish  to  place  on  record. 
These  credentials  should  contain  a  lUt  of  the  original  papers 
which  have  been  published  by  the  applicant,  and  should  be 
accompanied  by  any  data  which  would  tend  to  establish  a 
capability  for  original  research,  such  as  conducted  by  those 
resident  at  the  station.  By  an  official  detusion,  arrived  at  in 
the  interest  of  all  candidates,  the  table  is  not  assigned  more 
than  six  months  in  advance  of  the  date  forwhich  it  isdosircd, 
and  no  appointment  is  made  for  a  longer  period  than  six 
months,  although  a  student  may  apply  for  an  extension  of 
time  or  for  future  reappointment.  Few  investigators  have 
so  far  desired  to  remain  longer  than  six  consecutive  months 
at  the  station,  although  a  second  appointment  is  at  times 
requested,  and  applications  are  not  infrequently  submitted 
several  months  in  advance  of  the  period  when  it  is  in  order 
to  take  them  up  for  consideration. 

It  should  be  again  noted  that  Smithsonian  appointees  are 
expected  to  report  to  the  Institution  at  the  termination  of 
their  tenn  of  occupancy,  or  preferably  at  the  end  of  each 
three  months,  in  case  of  a  longer  residence  at  the  station. 

The  following  appointments  to  the  Smithsonian  seat  have 
been  made  during  the  year; 

Dr.  P.  C.  Mensch,  of  Ursinus  College,  Collegoville,  Pa., 
whose  application  was  approved  during  the  summer  of  liHM), 
occupied  the  Smithsonian  Table  during  Novemlwr  of  the  same 
year. 

Dr.  F.  L.  Stevens,  of  the  University  of  Chicago,  was 
appointctl  for  May,  lltDl. 

Dr.  Burton-Opitz,  of  Rush  College  and  the  University  of 
Chicago,  and  later  "  VoIuntSr-Assistcnt"  to  Dr.  HQrthlc  in  the 
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|»hysiolo}ftmI  institute  of  the.  Uoyal  University  of  Kresluii, 
received  the  ap|H>liitineiit  for  three  months  ■diiiinfr  the  sum- 
mer of  1901. 

Applications  for  the  wmiintf  year  un  now  rci-eivinfj  con 
sidcration. 

An  extract  from  an  open  letter  issued  by  Doitor  Dohni.  tho 
experienced  and  always  considerate  Sup<!nnt*(ndent  of  the 
Station,  of  interest  to  the  newcomer  in  Naples,  is  jfiven  in  a 
footnote.  The  student  who  ha.s  Ih'oii  authorized  to  occupy 
the  Hniithsonian  Tahio  at  the  Station  will  do  well  to  addres-s 
tho  Institution  for  fuller  information  which,  for  lack  of  sjmce, 
is  not  here  given.' 

'  Notre  Umpie  exi>Orii'mM  iiiius  incl  A  iiit'iiic  lU-  [lonacr  aiix  {n.-n^imnv 
i|Ui  ili-i<in.'nt  Hbrenrlrv  jHiiirlu  iirciiiii^rt'fiiiHri  laStalic>nKi>i>loKii[iiL'ijiieli|iu-f 
iiunseitti  iiui  kiir  ft^nnit  qntrKncr  ilii  U'riiti^i  i-t  ik-  rarKt'iit. 

1.  Chiiit:  'III  iH'ilcrirl  trHiuh. — Vniilli-z  itifiinucr  \v  |ilii«  cxactmuiiit  i\nt: 
villi!)  ]H>iirn*KrA(lmiiii!<lnit  ion  <lt;  iHStutioii  Zoiil'itfii|ii«,  "StaxioiK'xiKilotEii'a. 
Najioli,"  (In  jiiunle  vutre  arriviV  ft  de  it!  inic  viiiih  ilivirtK  I'tiiilitT,  alin  i|iit' 
noun  puiiwiiins  jin-iiartT  il'avBiii-e,  hi  ivia  n't  lU'cowairi'  t^t  (losvilili',  le  iiiali'- 
riel  dont  vihm  auntz  U-xnin.  II  wrait  avanlaKuti:(  [H>iir  voiiH  il'iii<lii|ii<T(.'n 
iiii-iiif  loiiiiis  il'aiitrt-H  (ilijetM  que  vduh  aiirifn  1' intent iuii  <l't'tLiilii>r  |><iiir  If 
can  iii)  lb  liiHtorit;!  viviiilrait  il  iiiatiijiifr  lt'iii|ii>ruin'mi'iit.  Si  voiia  voiiIck 
voiiH  mi-u^ier  ireiiiliryolcii-ii-  iioiih  vimf  reiiiiiiiiiaudun^  ilc  cutisiilter  jxiur 
votre  ^luvenie  \en  r(:ii«'i)n)(.-iiii-iitti  que  iioiii'  avimi'  imblii^' nur  la  [loiilt! 
lies  ivufH,  utc. 

^.  OullUaiie. — VoiiM  tnnivfrt!;  jiluc  loin  la  liwiv  ili'laillOede  (.■«  ijue  iioiiH 
pourrDnx  vuiih  foiimlr  eii  (ait  il'UMtL'ni'iUi',  <Il-  n''u<'liri>,  ctr.  Nouit  voub 
prions  lit)  liieii  voiiloir  cii  It-tiir  runiptc  en  faisaiit  vim  itialle)'.  Nuuh  vona 
ciinHfiUimH  de  (lortvr  voln-  iniiTDWiijic  bvik:  vouh,  <-oiiiiiie  jietit  lNi^a).f,  vt 
lie  ne  jian  lo  plaivr  danu  vim  ihbHi'm;  rvitez  wirtoiit  ilu  r«x|>i'ilier  ciiiiniii' 
culiti,  I'ar  ijiiuvent  iiii'iiiu  t'L-iiiliallatft;  le  pliM  xniicni'ux  nViiijiOclie  |iaM  \vs 
a(-t'iilentt<.  Aycz  Ich  iiieniiiH  pn''i'iiiitii>Ti!<  A  I'vKard  <k'  votri'  inii'nitninc. 
Lontijiie  ltw■■rlli^'  i<(iut  tX|>(''ilii'K  jiarrlitniin  ilc  fur  il  faut  <le  i|uativil  hix 
BeinaincH  iHinr  Ich  n>li»  urcliiiaiivi',  <k'  lU'iix  a  tmin  jHiur  evvix  jiar  xranilu 
viti-WH,'.  I*M  initl  rumen  In  et  \tis  livrtu  iituvent  iilui?  fiieilement  entrer  en 
fraiK-IiiM!  »'iia  soiit  eiiilialli'H  avei:  des  vetenicnti<  di'jil  jHjrteH.  il  faiidra 
toujuiini  s'alwflenir  de  nietire  den  eijiaiva  ou  du  tabai:  lUnn  Ii-h  itolin  onli- 
naireH  ou  ilans  ceux  |uir  ^ramle  vite^N;.  (.'i>iiitue  ailrciiKe  il  KiiDira  <|ui> 
v'lumVriviez  votre  ntim  suivi  de  "Staxiiiiie  Zooli«ii'a,  Naimli."  Ct  sera 
anj-fi  tu  nieillenn-  ndn-ssi;  j«nir  vw  lettref,  eli'.     «    •    * 

(fc)  .l/i'(.r<V/  ■l'il-h,—'Sl.  \a.,  Hianeo  ira  n'iiiforiner  n'-nlilieriTiii-Mt  de  v<»i 

'Miltli,  Z.SLHL,  N..ii[«..|,l.  B.1,.  l«y,  p.  ll»«l  »iiiv.,l:;4  .^l.iiiv.^  i.  Bd.,  IMI,  II.  IW  ul 
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EXPLORATIONS. 

The  Institution  baa  continued  to  carry  on  various  astro- 
nomical, biologic'al,  and  ethnological  exploiiitionH  through 
the  medium  of  the  Astrophyeical  Ob-servatoiy,  the  National 
Museum,  and  the  Bureau  of  American  Ktbnology,  and  has 
also  cooperated  with  the  Executive  Departments  in  these 
directions.  The  details  of  most  of  these  explorations  are 
given  in  the  paragraphs  devoted  to  the  sevei-al  bureaus. 

During  the  past  summer  the  Secretary,  in  a  journey  under- 
taken at  bis  private  charges  in  search  of  rest,  departed  con- 
siderably from  the  beaten  route  of  travel  by  making  a  voyage 
to  the  South  Pacific  Ocean,  where  he  visited  the  island  of 
Tahiti  and  was  there  particularly  fortunate  in  witnessing  the 
celebrated  "tire-walk"  ceremony  which  he  has  dest-ribed  in 
an  article  in  the  general  appendix  to  this  report. 

PUBLICATIONS, 

The  publications  of  the  In.stitution  represent  the  double  ainr 
of  its  founder,  that  it  should  exist  for  (1)  the  "  inci'ease  "  and 
(2)  the  "  diffusion  "  of  knowledge. 

d^irs  et  vous  fera  porter  dte  le  lenilemain  i  votre  place  lea  onimanx  et  lee 
planter  les  plua  uomtniineH,  en  taut  que  possible.  11  eet  fait  exception  pour 
les  liiinanches  et  len  joura  de  f^te.  II  faudra  bieii  ee  rappeler  que  le  mal^rie) 
que  iioUB  foumiBsonH  e«t  dmtin^  esclueivenietit  aux  recherchee  et  non  pa§ 
i  la  formation  de  collections  Strangiyres  A  voa  etudes.    •    •    • 

(c)  La  biblioth^ue  est  ouverte  aux  inSines  heures  que  les  laboratoires, 
maia  on  la  terme  A  la  toinb^  du  jour. 

Si  vous  voulez  emporter  un  livre  relie  de  la  biblioth<k|iie  fl  votre  (ilace  <le 
travul,  vouB  n'aurez  qu'A  inettre  k  ea  plaoe  uti  carton  portant  le  niini<!'ro 
qui  VOU8  est  ^hu.  On  mettra  &  votre  disposition  dou?*  de  t-ee  cartons 
dans  la  biblioth^ue  d'en  bae  et  six  dans  celle  d'en  liaut. 

Pour  avoir  les  livree  non  relifs  voiis  remettrez  un  re^u  au  bibliotliccaire. 
Les  jouniaux  et  les  brochures  qui  m  trouveiit  tntr  lee  table«<  de  lecliire  iie 
I)ourrant  pas  sortir  de  la  bibliothSque  sans  la  permission  du  biblioth^i-aire. 
Pour  emporter  lee  livres  chezvoue  (qu'ilasoientreli^  ou  non)  vous  devrez 
toujoure  en  d^livrer  ud  regu  an  biblioth^caire  et  vous  serez  tenu  de  les 
rapporter  le  lendemain.  Le  bibliothi^caire  vous  donnera  les  ren»ei(iiie- 
inenls  n^ceeaaires  pour  que  vous  puireiez  vous  t<ervir  aiscment  de  la  biblio- 
th^que. 

Vous  nous  obligerez  en  avertiesant  le  bibliotliccaire  des  irregular! tcs  que 
vous  pourrez  trouverdaiis  les  livres  (feuilles  dt^iaclii'cs,  ]>lanche8dcchir^cfl 
ou  perdues).  Ayez  soin  de  tenir  les  livres  liors  dt  tout  contact  avec  I'eau 
de  mer,  et  de  ne  pas  les  tacher  avec  des  sigiies  ou  des  notes. 

Avant  votre  dispart  ayei  la  bontc  de  reniettre  lous  les  livres  A  leur  place 
et  de  demaader  au  bibliothccaire  s'il  n'a  pas  iiar  liasard  quelque  rc^u  de 
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The  series  of  Contributions  to  Knowledge  are  intended  to 
record  results  of  original  researches  in  science,  for  the 
increase  of  knowledge.  In  this  scries  there  has  been  put  in 
course  of  publication  during  the  j'ear  a  memoir  by  Dr.  Carl 
Bariis  upon  experiments  in  ionized  air,  a  work  which,  as 
mentioned  above,  was  carried  on  with  a  grant  from  the 
Hodgkins  fund. 

To  the  series  of  Miscellaneous  Collections  there  have  been 
added  a  bibliography  of  chemical  dissertations  compile<l  by 
Br.  Bolton,  and  an  article  on  the  "Cheapest  form  of  light," 
the  latter  l)eing  a  reprint  of  a  paper  by  the  Secretary  and 
Mr,  Very,  originally  published  in  the  American  Jouimat  of 
Science,  for  which  there  has  Iwen  a  continued  demand. 

There  have  also  l>een  added  to  the  Miscellaneous  Collections 
two  volumes  containing  the  legislative  history  of  the  Institu- 
tion from  the  announcement  of  the  original  bequest  in  1835 
to  the  year  1899.  It  is  preimred  by  W.  J,  Rhees,  of  this 
Institution.  This  work  wa.-*  publishwl  also  in  a  Congressional 
edition. 

As  year  by  year  the  publications  of  the  Institution  and  of 
itM  bureaus  are  increased  in  numljer  it  is  believed  that  its 
influence,  not  only  in  the  "increase"  but  in  the  "ditfusiou^of 
knowledge,  is  felt  in  a  greater  degree.  This  is  manifest  by 
the  gi-eater  popular  demand  for  publit^tions,  particularly  the 
Geneml  Appendix  to  the  Secretary's  Annual  Reports,  in 
which  the  aim  has  been  to  consider  the  diffusion  of  knowledge 
among  the  masses  of  the  people,  and  to  create  a  desire  for  a 
better  understanding  of  the  important  relations  that  exist 
between  scientifiv  studies  and  the  needs  of  our  daily  life. 

It  will  be  remembered  that  under  the  general  printing  law, 
besides  the  limited  document  edition  of  the  Smithsonian  Re- 
port distributed  to  certain  designated  depositories,  only  3,(HH) 
copies  are  now  published  by  Congress  for  the  use  of  its  mem- 
bers, and  7,(100  copies  for  distribution  by  the  Institution,  but 
it  is  earnestly  to  be  hoped  that  a  larger  edition  will  l>c  author- 
ized to  cori'espond  with  the  increased  popular  demand. 

With  regai'd  to  this  largei'  edition,  it  may  be  .said  that  it  was 
a  custom,  inti"odm-ed  by  the  first  Secretary  of  the  Institution, 
Joseph  Henry,  of  honored  memory,  to  give  a  certain  number 
of  timely  articles  of  an  instructive  but  wholly  popular  and 
nontechnical  character  in  the  Uenei-al  Appendix  to  the  Secre- 
tary's Repoit. 
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Tlio  i^xperiiiK'nt  whs  tried  uikIit his  iii]iiii'<liiiti'  siicii'ssor  of 
piihtishiii^  in  jilaco  of  tht-sr  an  iiiiiitial  n'snnic  of  the  scioiu-fi 
of  tlic  world,  which  undertaking  was  soon  found  t<i  he  an 
inipnu-tieal  ihartje,  if  done  on  a  desimlilo  seale,  and  nemly 
useless  with  anythiii};  li!ss;  and  the  present  tSeiretiirj'.  Ix-liev- 
irig.  with  SiH-retary  Henry,  that  the  Institution's  function  for 
the  diffusion  of  knowledjfe  was  only  less  inipog-tant  than  that 
for  its  incrpa.se,  resuQicd  and  extended  the  early  plan  of  trivinf,' 
short  iiiciiiuirs  l)y  writers  of  authority  who  are  nhle  to  present 
new  facts  in  tt  nontechnical  niaiinor,  tiuis  funushin^r  ii  suin- 
niary  of  the  inorc  iinjxirtant  pi-o^ress  made  in  all  departitients 
of  science  duriiijj  the  ypar  elapsed,  supplemented  hv  a  few 
piipf^Ts  relatintf  to  more  remote  (>onods,  as  in  the  ca.se  of 
oriental  research. 

This  suniniury  lisis  hiid  the  StH-ietary's  increasinjr  attention 
for  the  la-st  two  or  thi-ee  vf-ars,  not  only  l>ei".ui.se  of  its  intrinsii- 
ini|>(>vtiince,  hut  since  the  Institution  thus  hecoities  more 
widely  known  to  those  whoso  help  it  desires. 

Tlie  Secretary  has  jjiven  an  unusual  amount  <if  pergonal 
euro  to  the  (ieneral  Ai)pcndi.\  of  the  Report  for  IIHX),'  wliich 
t-onttiins  4;J  articles  on  various  hninches  of  science  as  enu- 
merated on  another  page,  in  the  rejKirt  of  the  editor. 

The  Annual  Keiwrtof  the  Institution  for  ISlt'.)  has  been  dis- 
trihuted  and  the  li'iKjrt  for  I'.HIU  has  heen  put  in  ty|>e,  hut  the 
latter  voluuie  was  not  received  from  the  Pulilie  Printer  in 
time  for  its  distrihution  to  the  general  puhlic  before  thcelosc 
of  the  tiscal  yiair. 

There  was  also  received  f  I'oiu  th»^  Printer  a  delayed  [jortion 

'Ah  tlie  Iteport  for  MHKI  iiiHrk:<  (he  <-l<m'  <if  tlie  century,  consi'lcrehte 
pjiacc  ic  given  to  rcvicwH  of  the  jinittrem  in  vHriimi<  bnuiehi'»  tii  wii-iiif 
during  tlii^  ninctcentli  century,  |>rv[iHr(.Hl  l>y  men  <livIiiii;iiHlieil  hi  their 
VHriiiuH  liclii:'.  The  culijci'tii  tlius  reviewiil  arv  uslnia<iniy,  chemistry, 
pH)iiiuy,  jihyKic.-,  ch;i'tricity,  genitmphy,  l>i<>lot;y,  lULiliciiie,  iisyciiiciil 
rtfH-ari-ii,  which,  with  uti  article  mi  Ihe  "  CciiUiry'!'  K^cnt  men  iif  muiicc," 
fiiriii!<h  in  liricf  a  jm-Uirv  of  wientilie  adivity  ii(  the  liu-t  century. 

China,  whicli  lias  liirimsl  w>  iiinuii  in  the  piihlii'  eye  diirinj;  tlie  year 
|mi.|,  is  jiiven  csiiiH-ial  [jrumineiiiT.  There  is  u  brief  sketrii  nf  llie  i'l'kln 
Olwerviitory.tlie  IfHUinj;  .>£  wliidi  crciittii  sii  mui-li  cnmmetil:  an  artirl:>  l.y 
Uie  ChiiieKe  miiiisler,  Wii  Tini;-Fari«,  r.ji  iiititiial  heliifiihie.-,-  lH-1«.-<'n  Cliiiia 
ati>1  the  Uiiilc!  States;  Cliinese  folkh.iv  iini!  .-.me  We.-tern  analn^i,.,., 
ami  an  exi.f|itinually  intere.-tinK  acT.Hiiit  iiSlhu  Icir.t  ..f  tlie  lm[«>riHl  Smii- 
uier  l-alace  at  I'ekin"  in  l.StX).     Tliis  latter  i^^  an  ahriiljjfd  trun>lati„n  from 
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of  thp  Miisoiini  Ki'port  for  IK',17,  t>pinp  a  motnonal  voIuiiip  of 
Dr.  (i.  Hrown  (-roddc. 

Ill  ndditinn  to  tlii'  i)ri'(i'(liiijj  piihlinitioiis  liy  the  Institution 
pi-opor  !i  wmsiticralilc  rminlxT  of  works,  chii'flv  on  liioloj^iral 
topicN,  have  bcoii  lulili-d  to  thi'  Muscuni  scricw.  Tho  Bnt'oim 
of  Ethnology  oomplt'tt-d  the  Snvcntopnth  KpiM>i-t,  which  has 
l>ecn  t-oiwiderahiy  dcliiyod  in  publication,  and  pro^rrpxs  was 
made  on  the  Kightecnth  and  Ninotoonth  reports. 

The  Hfcietarv  during  thi^  year  tiiin.sinitt(>d  to  CongroAs  tho 
Annual  Keport  of  the  Anicni-an  Histoncal  As!io<'iation  for  tho 
year  I'.KHi.  and  also  the  Third  Kojiort  of  the  National  ^ciety 
of  the  Daughters  of  the  American  KovoUition. 

I.IUUAKY. 

It  will  be  remembered  that  the  Institution,  U'sides  it*< 
deposit  in  the  LibniiT  of  (Jonfjress,  has  i-etiiined  in  its  own 
building  a  limited  numlH'r  of  scientitie,  i>priodical«.  together 
with  I)  small  i-ollection  known  as  the  "Secretary's  lihiiin," 
dealing  principally  with  works  of  art  and  pure  lit^'nituie, 
and  a  still  more  limited  one  of  Ixioks  fut'iiisbing  interesting 
reiuling  for  the  empIoyeeM  of  the  Institution,  which  is  desig- 
nated as  tho  '•  Employees'  iibniry." 

The  detailed  report  of  the  libmrian  will  )m  found  later, 
hut  he  states  that  thei-e  have  lM>en  added  during  the  yearover 
SO.iJOU  volumes,  piimphlets.  and  charts,  exclusive  of  the  libra- 
ries of  the  National  Museum  and  the  Bureau  of  Amencan 
Ethnology,  but  including  all  other  branches.  Of  the  acces- 
sions, by  far  the  groat<'r  jmrt  were  assigned  to  tho  Smilbsonian 
deposit  in  tho  Library  of  Congress. 

ajnumal  written  by  Count  D'Hcriswiiii,  wlui  viuf  on  tlicfitiiff  i)f  the  Fmicli 
general  dnritJB  tlic  ,\ii«l.^Krfiii'h  .'Xiifiiitidii  lo  Cliiiia  in  IHiW  anil  an  eyc- 
witnesH  "f  the  extnu.nliiwry  went-s  hi*  detn'rilw's.  It  apiH-am  ti)  havi" 
entiri'ly  exmiHil  altt'iitioii  ilurinj^  the  latv.  <Timr>,  altliuii^h  il  ban  an  inti>r- 
{'jjthitf  lieiirint;  un  rtreiit  cvtmto  anil  illiinlnitci'  in  u  i-iirinnx  iniiniuT  how 

Ai'nmuii til's,  wliicli  only  in  the  liif"l  liecacie  hai"  liit'n  uroivinj;  tii  Ix'  ii'ii- 
fidorHl  a  m-ienre,  has  wverai  arlii-lcs  ilcvoliil  In  it  lij-  M.  JanHRii,  l^inl 
Itayli'igh,  Swrptary  Ijinglcy,  ami  ollieni. 

Among  tlie  thirty  i>r  inure  nlliiT  articli^  then'  may  be  nientiinieil.  tw 
illuHtniting  Iho  variety  of  the  Kiibjei'Is  treateil,  )>a[>erH  on  malitria  ami  the 
tTuiiMmiHxiiin  ui  yellnw  tever,  by  Surptim-CJi-nernl  Stirnbers;  Hni'iiwiyiin 
Ilnxley.  by  I>r<.f('s».>r  ltr.H.ks,  ot  .IciIium  IIi>].kinH,  imil  a  [KiiH-n.n^oiira.-li- 
cal  a  anlijiH't  :is  iiii-unihiii'i'nl  mantli-H. 
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The  Secretary  has  lately  arranjfed  with  the  Librarian  of 
Congress  that  the  Smithsonian  set  of  any  periodical  of  art  or 
science,  or  set  of  transactions  of  learned  societies  in  that 
Library,  uhall  be  considered  and  kept  an  a  primary  set,  or,  if 
incomplete,  shall,  under  this  title,  be  supplemented  by  vol- 
umes of  any  broken  sets  already  in  that  Library's  possession. 
If  there  still  be  duplicates  in  the  Library  of  Congress,  it  is 
underHtood  that  these  and  not  the  Smithsonian  copies  shall  be 
disposed  of. 

On  the  other  hand,  he  has  also  agreed  that  in  the  division 
of  Government  documents  in  the  Library  of  Congress  the 
Smithsonian  sets,  excepting  those  which  include  special  scien- 
titic  publications,  shall  be  transferred  to  the  main  colle<ition 
of  the  Library  of  Congress. 

No  action  ha-s  been  taken  with  regard  to  the  large  number 
of  seta  or  single  volumes  on  general  subjects  which  do  not 
fall  under  the  above  heads,  and  these  are  left  under  the  exist- 
ing arrangements. 

With  regard  to  those  which  already  form  a  portion  of  the 
Smithsonian  deposit^  the  Librarian  of  Congress  has  said,  and 
the  Secretary  has  agreed  to  the  justice  of  his  representation, 
that  while  it  is  abstractly  desirable  that  the  entire  Smith- 
sonian library  should  be  kept  together,  there  may  be  cases 
where  the  general  interests  of  the  public  will  l»e  served  t)est 
by  taking  a  portion  of  these  and  classifying  them  with  others. 
It  is  understood  in  every  case  that  all  volumes  belonging  to 
the  Smithsonian  deposit  are  distinctly  so  marked,  carrying 
with  them,  therefore,  the  evidence  of  their  ownership. 

This  general  agi'eement,  which  requires  much  detailed  work, 
will  finally  result  in  giving  a  more  coherent  character  both  to 
the  Smithsonian  deposit  and  to  the  Library  of  Congress  itself, 
and  is  in  the  mutual  interest<  of  both  establishments. 

The  Institution  is  indebted  to  the  court^-sy  of  the  Librarian 
of  Congress  also  for  establishing  an  ari-angement  whereby 
tvfice  a  day  books  are  brought  to  the  Institution  by  the  Library 
of  Congress  and  returned  thereto.  This  has  rendered  possi- 
ble the  sending  up  of  a  much  larger  numt>er  of  publications 
than  herctofoi'e,  no  less  than  200  boxes,  each  containing  the 
equivalent  of  40  large  octavo  volumes,  being  sent  up  during 
the  past  year.  The  possibilities  in  the  direction  of  increasing 
the  Smithsonian  deposit  in  the  Library  of  Congress  and  of 
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filling  up  deficiencies  are  unlimited,  except  by  the  very  umall 
force  that  can  be  put  upon  this  work;  and  both  establishments 
would  be  much  Iwnefited  if  a  larger  force  were  available. 

The  Smithsonian  shelving  in  the  Libmry  of  Congress  is  of 
steel,  iron,  and  marble,  comprising  19,362  running  feet  of 
shelves,  while  the  bridges  are  mainly  of  ateei  and  essentially 
fireproof. 

INTBBNATIONAL  CATALOGOE  OF  SCIENTIFIC  LrTEKATUEE. 

The  Regents,  through  their  first  Secretary,  Joseph  Henry, 
appear  to  have  originated  this  undertaking  in  a  communica- 
tion which  he  was  authorized  to  make  to  the  meeting  of  the 
British  Association  for  the  Advancement  of  Science  at  Glas- 
gow in  1855,  suggesting  the  formation  of  a  catalogue  of 
memoirs.  The  Smithsonian  Institution  had  not  the  means  of 
carrying  out  the  plan,  which  was  referred  to  the  Royal  Society, 
who  approved  it  and  secured  a  grant  from  the  English  Gov- 
ernment under  which  11  volumes  have  now  appeared.  In  the 
preface  to  the  first  volume  we  read  ^'The  present  undertak- 
ing may  be  said  to  have  originated  in  a  communication  from 
Dr.  Joseph  Henry,  Secretary  of  the  Smithsonian  Institution." 

In  March,  1894,  the  Royal  Society  issued  a  circular  to 
learned  societies  throughout  the  world  proposing  a  great 
international  subject  catal<^ue.'  In  1895  the  Department  of 
State  received  from  the  British  ambassador  an  expression  of 
hope  on  the  part  of  the  English  prime  minister.  Lord  Salis- 
bury, that  the  United  States  Government  would  be  repre- 
sented at  a  coming  conference  on  this  subject.  The  matter 
was  referred  by  the  Secretary  of  State  to  the  Secretary  of  the 
Smithsonian  Institution,  who  i-ecommended  that  the  Govern- 
ment should  take  such  part  and  suggested  the  names  of  dele- 
gates, a  recommendation  which  was  duly  adopted.  It  is  suf- 
ficient now  to  recall  that  the  seed  which  the  Institution 
plant«d  has  grown  into  this  great  enterprise,  in  which  almost 
all  modern  nations,  except  the  United  States,  have  taken  an 
effective  part. 

In  the  report  for  last  year  the  Secretary  stated  to  the  Regents 
the  reason  for  the  absence  of  an  official  delegate  at  the  Third 

'The  reader  who  may  care  to  look  at  the  history  of  the  subject  is 
referred  to  articles  by  tlie  Librarian  of  the  Institution,  published  in  "Sci- 
ence" on  Auguat  6,  1897,  and  on  June  2  and  9,  1899. 
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Conference  on  the  International  Catalogue  of  St-ientifie  Liter- 
ature, held  in  London  .Time  12  and  13,  190(1.  It  wan  learned 
afterwards  that  Mr.  Putnam,  the  Librarian  of  Congi-esH,  who 
hapixtncd  to  Im.'  present  in  London,  had  private  eoiiferences 
with  »ome  of  the  re.prertentativen.  and  greatly  aided  them  in 
reaching  a  eoncliision.  It  was  decided  at  that  time  to  pro<'eed 
with  the  catalogue  if  300  subscriptions,  at  ^S5  per  annum,  for 
a  period  of  live  year^,  could  be  obtained,  and  the  quota  for 
the  United  States  was  tixed  at  45  sets.  It  being  necessary  to 
secure  these  before  the  end  of  September,  lilny,  the  Secretary, 
a.^^  an  evidence  of  the  Institution's  good  will,  sent  out  a  cir- 
cular letter  commending  the  pi-oject  to  American  institutions 
of  learning.  By  the  end  of  September  the  alwjvc  number  had 
l«en  secured,  thus  assuring  the  publication  of  the  work  in 
England,  and  this  nunil>cr  has  since  Ik-cu  increjisiKl  to  the 
equivalent  of  over  till  sets,  at  fs5  apiece,  for  five  years,  rep- 
resenting a  sum  of  about  )>30,0(H),  the  largest  sulwcription 
made  to  the  catalogue  by  any  single  t'oimtry,  a  fact  which 
abundantly  demoiisti-ates  the  interest  felt  in  the  catalogue  on 
the  part  of  scientific  men  in  the  I'nitcd  States. 

It  is  greatly  to  l)e  regretted  that  no  adequate  pro\'ision  has 
l)een  made  for  the  cataloguing  of  the  scientific  literature  of 
the  United  States,  which  is  to  form  a  part  of  it.  The  Secre- 
tairy  has  provisionally  undcrtiikon  to  do  this  work  out  of  the 
private  funds  of  the  Institution,  in  what  is  feared  will  lie  an 
inadequate  way.  since  only  two  assistants  can  Im*  allotted  for 
the  purpose,  and  the  StM'retary  has  felt  able  to  retain  these 
only  to  June  30.  I1I02.  It  has  indee4  In'en  cjuite  clear  f  i-om  the 
outset  that  this  work  could  not  bo  luade  a  peri>etual  charge 
upon  the  small  Smithsonian  fund;  Imt  with  a  full  recognition 
of  the  imjx>rtance  of  this  i>rojcct,  the  Secretary  is  still  n<»t 
willing  to  have  the  Institution  itself  solicit  aid  from  tVmgress 
for  it,  while  other  interests  already  committed  to  the  Institu- 
tion are  so  inadequately  provided  foi'  and  demand  its  tirst  care. 

There  is  yet  hope  that  some  way  may  bo  found  by  which  this 
country  may  take  its  pix)per  share  in  the  community  of  nations. 
In  this  gi-eat  undertaking,  which  is  now  being  carried  on  by 
England,  France,  ({ermany.  Itussia.  Italy,  and  Austria,  the 
Institution,  which  is  not  soliciting  for  itself  any  Congressional 
aid,  will  l)e  glad  to  see  Congress  place  the  work  in  any  effect- 
ive hands,  or,  if  the  Institution  it.self  be  designated,  it  will 
do  its  jmi-t  if  Congress  shall  so  dii-ect  and  provide  the  moans. 
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CXJRRESPONDENCK. 

The  correspondence  of  the  Institution,  iioxt  to  its  publidi- 
tions,  furnish,  perhaps,  the  mont  offpctiial  means  of  diffusing 
knowledge  concerning  matt«i-M  of  pun-lj-  scientitic  interest, 
us  well  as  of  disseminating  information  of  a  popular  nature 
on  subjects  coming  within  the  scope  of  the  Institution's  work. 
The  inquiries  which  come  to  the  Institution  from  all  parts  of 
the  world  embra<'e  almost  every  conceivable  toitic,  and  the 
major  portion  of  the  correspondence  relates  not  to  matters  of 
a  routine  nature,  but  to  widely  diversified  subjects  of  scientific 
investigation.  Thu.'H  the  expenditure  of  a  very  considemlde 
amount  of  time  and  labor  is  necessitated,  as  it  is  endeavored 
in  every  instance  to  respond  as  fully  a.-*  possible  to  the  i-equestw 
for  infoi-raation,  though  where  the  subject  of  inquiry-  is 
clearly  without  the  scope  of  the  Institution,  the  connnunica- 
tions  are  referred  to  the  bnmch  of  the  (iovernment  service 
having  special  cogmzance  of  the  matter  or  matters  to  which 
they  relate.  Where  the  inquiries  have  [miticular  reference 
to  the  activities  of  the  bureaus  administei'ed  under  the  Insti- 
tution, they  are  referred  to  the  l)ureau  concerned  in  each 
case  for  attention  and  answer,  unless  they  involve  matters  of 
policy,  in  which  event  they  are  returned  for  the  Secretary's 
action. 

The  plan  adopted  in  ISHO  of  registering  su<'h  letters  lus  are 
of  sufficient  !m|Jortance  to  make  a  record  of  them  desirable, 
has  l)een  continued  in  operation  during  the  year  and  has  con- 
stituted an  efficient  check  against  their  loss  or  temponiry 
misplacement. 

The  increasing  demand  for  publications  of  the  Institution 
has  necessitated  an  increase  in  the  amount  of  correspondence 
relating  to  their  distribution,  though  this  has  been  consider- 
ably reduced  l>v  the  employment  of  printed  forms.  Aside 
fi-om  the  letters  sent  out  relating  to  the  operations  of  its  sev- 
eml  bureaus,  special  correspondence  has  been  4'(»nducted  on 
aProdroniic  matters  and  in  the  administration  of  the  Ifodgkins 
fund.  Since  the  Smithsonian  bureaus  wei'e  put  under  the 
civil-spr\-ice  law  and  rules  in  July,  ISHfi,  there  has  iK-en  a 
steady  increase  in  the  amount  of  corre.-iiwndence  relating  to 
civil -se nice  matters,  and  this  hiw  added  ]x^rceptibly  to  the 
labors  of  the  Institution. 
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EXPOSITIONS. 


The  Institution  and  itn  Itureaus  were  represented  in  the 
Government  building  at  the  Pan-American  Exposition  by  an 
extensive  exhibit  proparod  under  the  geneml  direction  of  Dr. 
F.  W.  True,  of  the  National  Museum,  who  was  designated  by 
the  Secretary  to  represent  tbe  Inwtitution  on  the  Government 
Board.  Mention  of  this  subject  will  be  found  in  the  reports 
of  the  Museum  and  other  bureaus. 

UI8CELLANKOU8. 

Glasgow  fii/r^T-w^^.— Thecongratulationsof  the  Institution 
were  extended  to  the  UniverMity  of  Glasgow  on  the  occasion 
of  its  ninth  jubilee  celebration  in  June,  liXIl,  and  upon  itn 
invitation  thata  reproaentative  of  the  Institution  be  appointed 
to  participate  in  the  ceremonies,  the  Secretary  designated  Dr. 
Theodore  N.  Gill  to  serve  in  that  capacity. 

CongT''>tn  of  Aiiierkanliste.—\i\  June,  1901,  the  Secretary 
designated  Maj,  J.  W.  Powell,  Mr.  W.  H.  Holmes,  and  Mr. 
F.  W.  Hodge  to  represent  the  Institution  on  the  general 
committee  of  arrangements  for  the  International  CongresH 
of  Amoricanistj*,  to  be  held  in  New  York  City  in  the  autumn 
of  1902. 

ProfeHxor  Ilenri/H  lahifnitory  notim. — During  the  long  course 
of  scientitic  researches  by  Secretary  Joweph  Henry  resulting 
in  his  discovery  of  tbe  electro-magnet,  which  is  praeticaily  the 
basis  of  the  telegraph  and  of  most  of  the  electrical  devices 
of  the  present  day,  he  kept  minute  notes  of  each  day's  experi- 
ments. While  it  has  not  seemed  necessary  to  publish  these 
notes  in  full,  it  has  appeared  of  interest  that  the  most  impor- 
tantoriginal  memoranda  showing  his  methods  of  work  should 
at  least  be  made  public,  and  after  consultation  with  Secretary 
Henry's  family  a  competent  person  has  been  placed  in  charge 
of  the  compilation  of  these  notes  in  a  form  that  will  make 
u  good-sized  octavo  volume,  to  l>c  illustrated  by  a  consider- 
able number  of  reproductions  of  Professor  Henry's  original 
ske  tithes. 

Ntibelprlz^t^impetliion. — Tbe  Institution  has  been  informally 
advised  that,  in  accordance  with  a  he<iuest  from  Dr.  Alf I'ed 
Nobel,  tbe  conditions  of  which  are  not  dis.similar  to  those 
under  which  tbe  llodgkiiis  fund  of  the  Institution  is  adminis- 
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tered,  the  Swedish  Goveroment  has  established  a  competition 
designed  to  stimulate  diecoveries  in  the  service  of  humanity. 

Aa  specified  by  the  testator,  the  income  from  Dr.  Nobel's 
fortune  is  to  be  diijtributed  annually  in  very  considerable 
rewards,  say  $40,000  each,  to  those  who  during  the  past  year 
have  rendered  the  greatest  service  to  the  world  in  the  domi'ins 
of  physics,  chemistry,  physiology  and  medicine,  literature, 
and  in  the  work  of  fraternizing  nations,  reducing  or  suppres:^- 
ing  standing  armies,  and  propagating  peace  congresses. 

In  view  of  its  entire  approval  of  the  testator's  objecta,  the 
Institution  makes  this  mention  of  thin  subject,  with  which  it 
has  otherwise  no  official  connection.* 

Santa  Fe  /'o/flcc— On  March  20  the  governor  of  New 
Mexico  approved  a  joint  resolution  of  the  Territorial  legis- 
lature "asking  for  the  establishment  of  a  branch  of  the 
Smithsonian  Institution  in  the  old  palace  at  Santa  Fe,  N. 
Mex."    This  resolution  is  as  follows: 

[Boom  loiDt  resulDtlon  No.  T.J 

Whereas  the  building  in  the  city  of  Santa  Fe,  known  as 
the  Palace,  is  the  oldest  public  building  and  tte  most  historic 

■Alfred  Nobel  died  at  Saii  Kemo  December  10,  1690.  HiH  will  provided 
that  the  iiUtrea  on  the  capital  bequeathed  should  be  annually  divided  into 
five  equal  parte  to  be  awarded  as  prixeij  to  thoee  persons  who  should  have 
contributed  moat  materially  to  lienefit  mankind  during  the  year  immedi- 
ately preceding,  as  follows:  Une  part  to  be  given  to  the  peraon  having 
made  the  ihohC  important  discovery  or  iovention  in  the  science  of  physics; 
one  lo.  in  chemistry;  one  do.  iu  physi  >l<^y  or  medicine;  one  do.  for  the 
moet  distinguished  work  of  an  idealistic  tendency  in  literature,  and  one  do. 
to  the  person  who  shall  have  most  or  beet  promoted  the  fraternity  of 
nations  and  the  abolishment  or  diminution  of  standing  armies  and  the 
formation  and  increase  of  peace  congresses. 

The  contest  of  the  will  by  the  heire  at  law  is  now  over,  and  the  statutes 
under  which  the  awarding  of  the  prizes  is  to  be  made  are  formulatetl  and 
the  first  awards  are  to  be  made  in  1902. 

Under  the  statutes  "It  iseMwi/ioi  that  every  candidate  for  a  prixe  under 
the  terms  of  the  will  be  proposed  as  such  in  writing  by  some  duly  qualified 
person.     A  direct  application  for  a  prize  will  not  be  taken  into  consideration. 

"The  rii;ht  to  hand  in  the  name  of  a  candidate  fur  a  prize  shall  belong  to 

"(1)  Home  and  foreign  memberH  of  the  Hoyal  Academy  of  Science  in 
Stock  holni. 

"(2)  Members  of  tho  Nobel  Committee  of  the  Physical  and  Chemical 
Sections. 
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(■ditico  in  the  I'fiited  Statps.  having  hi'on  tho  seat  of  {rovorn- 
niental  power  and  tlii'  hoin<>  of  the  executive  ofticiiils  (if  Now 
Mexico  throuffh  all  tin*  cliaiifjc;*  in  govcrninftnt  for  three  eeri- 
tiirios:  and 

Whereas  New  Mexii-o  itself  is  nioiv  ni-olilie  in  iiiclneo  I  optical 
tivjisiires  than  anv  other  part  of  the  t^nion.  and  hiv-;  already 
contrilmted  more  larjjely  than  iiiiv  other  State  or  Territory  to 
the  Nntionnl  Museum,  and  it  i-s  desiralile  that  it.s  pt-euliar  hix- 
toricnl  ohject-^  should  l>o  preserved  in  one  place,  and  amid 
their  nHtuml  environment,  instead  of  heinj;  scattered  all  over 
the  world;  and 

Whei-eiw  the  Territorial  lefjislatures  of  18S2  and  IHM 
asked  that  this  historic  edifice  lie  devoted  to  the  preservation 
of  the  antiiiuittes  of  New  Mexico,  and  two  Secretaries  of  the 
Interior  have  ofhcially  recommeiified  that  its  pernmneiit  us(> 
!«  that  of  a  inu.s<'mn  of  the  antifpiarian  eollecti<ins  of  the 
Southwest;  and 

Whereas,  by  inadvertence  in  the  wonling  of  the  act  of 
Congress  which  doniited  pultlic  lands  to  the  Territory  for 
edueational  and  other  puiposes.  [Missed  .June  21,  ISSW,  the 
tuilace   property  was   included   in   the  cession  made  hy  the 
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ITniU'd  States  to  Mexico,  without  any  wish  for  such  cession  on 
t..t'  part  of  our  [x-ople;  and 

\\  hereas  the  two  houses  of  the  last  leifislatnre.  eiuh  liy  a 

"(:t)  Si'ienli^lH  wlui  liiivi' m-<-ivi'i)  u  Ni>1h<I  |>ri7.c' fniiii  Ulc  A.ii.li'iiiy  <>( 
Scienif. 

"(i)  I'nifcswir:',  wliclhiT  in  circlinary  nt  nssoi'ijitc,  nf  tlie  [ihymisl  miii 
rlicmii-ul  wii-n't'c  iil  llii'  iniivciKitiif  of  I'ls^la,  Lund,  Cliriwliiiiiia,  C.i|)fn- 
hmren,  ami  Jli'lwiiKfoiv,  nl  tlii- Caroline  MiMiii'L-Chininii'Til  liii-titnk'  ami 
tJLK  Koj-hI  T(Tlini<iil  l\i\ieKV.  in  Slm-kholni,  and  a1s<.  ti'iuliers  of  tlii' sam(< 
xnlij(i-ts  Mii>  arc  nti  tin-  |H>riiiam-nl  wtuft  nf  tlic  Sloi'kli.tliii  I'nivi'rpity 
(,'.>!  IW. 

"(ft)  IIi.ldiTM  •>(  /:».il«r  i-h'ih-n  ul  olhcr  iiiiiversilii.;-  or  iiiiivcroily  rol- 
l«Wf,  to  tlic  ii.iiiiImt  ..f  ill  least  fix,  In  in-  «.'lci-li>d  t.y  llic  AcailfMiy  ..f 
Soii'iui'  in  llii-  nay  imw)  ii]i]ini|)riuti'  for  Xhv  jtist  rc|inwiitati<.ii  of  tlie 
\'ari<>iis  ciniiilric!'  ami  (licir  ^l•sllt^■tiv('  t^vaif  uf  liiiniiiij;. 

"(«)  Otlipr  f.c'ii.ii1iMlH  whom  tlie  Aniili'j.iy  ..(  S'icmt  may  sm;  fit  to 
wlw-t." 

At  tlip  time  "f  \.i1k-]'h  dcatli  lii^-  I'flale  wai-  cNliiimlml  to  Imvc  a  value  of 
from  ;(0,000,OIK)  to  W  IKIO.OCKI  kromT,  whirli,  if  inveMcl  .it  ;i  i«t  ■■cnl, 
would  yiel.lmianmul  imomeof  from  jLMO.onO  to  JiiTO.omi.  Vav\\  liftli 
would  thus  aiiiotiiil  lo  MHOOO  to  S.-ir>.()00.  SiiK'c  then  l,rrtK).()IHI  kn.iiiT 
have,  l>y  oitnimiiit  «nli  tin  lieirxat  law,  liti'ii  wit  iL-idc  for  the  founda- 
tion of  Noliel  inKtittil<-<  m  Swiilcn;  Imt  at  tlit'  name  timr  Die  iiitnt'st  for 
till'  iulerveiiintc  \ian  tnn<^  Nobul'x  dcatli  liu»  In'fn  aivniiu^,  so  that  tlii.' 
exact  \-aliie  of  each  aTiniial  priiti:  \»  not  ao»'  kuouii, 

Imiuirit-s  iiniifniiii}.'  the  Nulw!  i-om|ii>fiiiou  should  U'  addri'SHed  (i>  tlii- 
Cmniril  of  llu'  NoUd  Foiuidalion,  axn-  <.f  llir  Itoyal  Ai-adi'my  of  S.'i.'UCi', 
Sloi-kliuhii,  Kwiiluii. 
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uniLniinoiis  vob'.  (Hijiscd  u  jwint  ivsolution  asking  tlic  Tiiitcd 
StutcM  tu  roiiNSuiiie  uwrK'fshiii  of  Kiiid  pruperty,  und  thtit  u 
wt>!:itern  hraiH-h  uf  the  fs'iUioiml  Muiieuiii  l>c  esUiMUbcd  iit  tlio 
Palace:  Now.  tlicrpforc.  be  it 

RexiJi-i-d  (!f  tf,,-  (i>uni:ll  a»w>ir).  That  thi«  leglslatui-e  con- 
sidei's  that  the  appixipriatc  future  of  tho  ptilace  should  lie  iim 
the  home  of  the  gieut  follet-tionM  of  aivhivologioal  and  other 
antitpiitie.s  of  New  Mexico  and  the  Southwest. 

liixiifi-itl.  That  we  requetJt  the  uuthoritios  in  charfje  of  the 
-  National  Museum  of  the  SmithNonian  Institution  to  efstabliKh 
a  Mouthwpstcrn  iiiuHcum  of  the  eharacter  hcreinfwfore  inili- 
cated  as  the  palaee  proiK>rty,  with  the  ancient  palaee  itself  a» 
the  center. 

Ri'mh'iril,  That  tlie  Teiritorial  Inmiil  of  pulilic  knds  he 
authorized  and  directed  to  convey  «aid  pahwe  pioix-rty  either 
to  the  United  State-t  or  to  the  HmithNonian  Institution,  upon 
the  condition  that  a  Itranch  either  of  the  National  Museum  or 
the  nuiseum  of  the  Smithsonian  Institution  )m:  established  and 
maintained  therein;  that  the  palace  huildiu};  Iks  presi-rved  in 
fTood  order  and  without  niaterial  chaiiffes  in  its  (jeneral  struc- 
ture and  iipiM'arance  forever;  tliat  the  New  Mexico  Historical 
Society  ))e  allowed  such  spuT  in  saidbuildinjrasitmay  require 
for  the  pi-oper  exhibition  of  its  collection  of  New  Mexican 
anti<^uitii-s  and  other  ohjecbt  illustrating  the  history  of  the 
Territory  as  a  part  of  said  ffeneral  exiiibition;  that  the  exhi- 
bition rooms  in  said  buildinfj  lie  open  to  the  public  without 
charge  forever;  and  that  no  exjx'use  for  nriiuigeiiient  or  main- 
tenance of  said  buildini^  and  its  contents  be  a  charge  on  New 
Mexico  or  any  civil  division'  thereof. 

Inasmuch  as  the  offer  on  the  part  of  the  Territory  of  New 
Mexico,  if  accei)ted  by  the  Smithsonian  Institution,  would 
involve  the  transfer  of  vahialile  rwil  estate  in  the  city  of  Santa 
Fe,  the  Secrebiry  has  held  the  question  of  a<'Ci'ptiince  for  snch 
a<'l.ion  as  the  Board  of  R*^gents  may  deem  desimbte. 

NATIONAL  MUSKl'M. 

The  National  Mns<'nni  is  visited  annually  by  uIkhU  a  quarter 
of  a  million  persons,  and  each  one  seems  to  desire  to  examine 
a.s  many  as  jKissible  of  its  treasures,  now  numbering  nearly 
.■>,()IHI,()iHI  objects  pertaining  totheanthi'oiH»h)gical.  biological, 
and  geologinil  silences. 

Through  its  ))ul>lications  and  its  correspondence  the  Musi-um 
leaches  everywhere,  giving  to  the  world  information  of  a 
technical  or  of  a  popular  charact^'V  concerning  the  American 
and  alien  races  of  men  and  their  habits,  the  life  history  of 
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aniinal»  and  plante,  and  the  structure  and  (x>niposition  of  the 
earth. 

The  Secretary,  in  his  report  for  1888,  called  attei.  i  to 
the  inadequacy  of  tho  Museum  building,  which  even  then, 
within  seven  years  after  its  completion,  was  found  to  be 
wholly  insufficient  for  the  collections.  The  subsequent  his- 
tory of  the  Museum  has  been  a  continuous  recital  to  Congress 
by  the  Regents  of  its  increasing  inadequacy. 

The  Secretary  feeln  it  his  urgent  duty  to  call  attention  to 
the  absolute  need  of  an  additional,  more  modern,  building  foi' 
the  National  Museum,  wherein  may  be  properly  exhibited 
objects  now  packed  in  the  prcHent  structure,  and  where  may 
be  set  up  before  the  public,  whose  property  they  are,  very 
many  objects  of  8cientilic,  historical,  and  popular  interest  now 
in  storage  quarters.  Too  much  can  not  be  said  in  urging  this 
all -important  matter,  and  it  is  hoped  that  definite  action  may 
finally  be  taken  by  Oongress. 


The  Secretary  repeats  hero,  what  he  already  said  in  1888, 
that  not  only  is  lai^e  additional  spac«  required  to  relieve  the 
congested  condition  of  the  present  building,  but  that  the 
appropriations  have  become  utteily  insufficient,  even  for  the 
proper  care  of  the  collections.  It  is  hoped  that  Congress  may 
see  fit  to  remedy  these  conditions  and  to  give  larger  appropria- 
tions this  year. 

The  Secretary  repeats  also  that  it  is  not  alone  the  lack  of 
space  that  is  keenly  felt,  but  the  absolute  inadequacy  of  the 
appropriations  in  maintaining  a  corps  of  efficient  assistants 
to  care  for  the  collections.  The  accompanying  table  will  per- 
haps tell  the  story  better  than  any  amount  of  description. 

If  we  take  the  five  years  extending  from  1881  to  1881!  as  a 
basis  for  comparison,  the  appropriations  were  at  the  rate  of 
$1,000  for  the  care  of  about  fi.OOO  specimens.  This  was  rep- 
resented at  the  time  as  insufficient,  and  divers  expedient** 
were  resorted  to,  such  as  the  creation  of  honorary  and  unpai<l 
curators  to  perform  the  work.  At  pi-esent  Jl.OOO  are  pro- 
vided for  the  care  of  alwut  21,0(X)  specimens,  and  proper  wire 
at  anything  like  this  rate  is  simply  impossible.  The  number 
of  sp«'imens  has  incrca.-*Gd  nearly  five  times,  while  the  amount 
of  money  appropriated  for  their  care  has  not  doubled. 
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When  Congresa  comes  to  appropriate  for  the  increase  of 
epace  to  over  twenty  times  what  it  is  at  present  (which  amount 
will  be  necessary  to  provide  for  our  present  collections  on  a 
scale  of  space  only  commensurate  with  that  now  allotted,  for 
example,  by  the  American  Museum  of  Natural  History),  it 
will  be  found  that  the  Museum's  most  valued  property  does 
not  lie  only  in  the  granite  walls  of  its  new  building,  if  it  have 
one,  nor  in  the  cases,  nor  in  the  specimens,  however  import- 
ant these  may  be,  but  in  its  possession  of  a  corps  of  long- 
trained  and  long-experienced  workers. 

ThiH  band  of  collaborators  has  continued  its  labors  in  most 
cases  while  their  duties  have  been  growing  more  onerous  and 
their  pay  ha»  remained  practically  stationary,  because  its 
members  are  as  a  rule  working  for  the  love  of  their  ^ork 
rather  than  for  pay;  but  unless  more  adeqiuite  provision  h 
made  now,  the  Museum,  when  Congress  has  granted  new 
quarters  for  it,  will  not  be  able  to  take  into  them  those  who 
in  the  past  have  made  it  what  it  is,  these  men,  its  best  posses- 
sion, who  are  now  going  and  who  will  have  gone. 

It  is  always  to  be  remembered  that  the  collections  and 
specimens  referred  to  have  not  been  purchased  on  any 
digested  plan,  and  though  in  themselves  ofton  very  valuable, 
are  mainly  derived  from  Government  expeditions  often  organ- 
ized for  purposes  other  than  collecting,  from  gifts,  and  from 
other  sources,  and  that  their  usefulness  is  always  impaired 
unless  the,  gaps  between  them  are  filled.  A  small  appropria- 
tion was  provided  for  this  purpose — that  is,  chiefly  the  filling 
of  gaps  in  the  collections,  in  1898 — but  the  amount  available  is 
so  limited  and  the  deficiencies  in  the  cullection  so  great  that 
it  will  lie  impi-acticable  to  add  any  new  series  of  objects  at 
present.  It  is  hoped  that  Congress  may  hereafter  grant 
larger  sums  for  this  purpose  and  for  such  unique  charat^ter- 
istic  American  objec^ts  as  are  rapidly  disappearing. 

The  Secretary  does  not  wish  to  say  that  the  National  Mu- 
seuDi,  under  this  attsoluto  denial  by  Congress  of  ite  indispen- 
sable means  of  existence,  has  fallen  to  a  second  place  among 
American  museums,  but  he  would  awk  a  comparison  between 
it  and  others  which  were  once  if*,  inferiors. . 

Taking  a  single  instance,  that  of  the  American  Museum  of 
Natural  History — the  museum  of  the  State  of  New  York^ 
some  statistics  have  been  secured  with  regard  to  its  size  and 
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cost  of  HdiiiiRViitmtion  und  conti-asted  witb  Kimilur  data  bcanng 
ujwn  this  Musoiuti — the  museum  of  the  whole  United  States: 

Sialitlirf  iij  tbf  Viiittd  Sliilm  XnlioTinl  Miineiim  mm/iared  vUk  the  Altierioan 
MiitfiiM  of  SatuTiil  lliKtory. 


Cubic  rcvHl1l.iimiili([ 3.60O.C0O  w.ouo.ooo 

Number  of  Kpcrinwns J.SM.STJ  ,  2,300,000 

Kiwiv  pnniilvil  [iiriMicrliKpwIineii A"[1  eubli:  luol.  •     U-l  I'ublc  feel. 

Income,  1901 CKi.MU  ,  taO,000 

SnliirteHpHlrlbx'iirBlcin -^i.  199.70  ■*44.000 

COct  of  buiidlDKB  lo  dale tS9I,40a  H, 000,000 

ExpvnEeK  lor  Htl  puriNHvn.  1901  ^fJ46,H'j'i.6T  '  f^30,0D0 

•  TdtiLl  paid  (i>  ciiDrv  wlpntlHc  8lHlT,t.SI.&».4V 
■BaluiiLvijIiipptupiiHtluii  bt'ld  tu  mui-l  ouMnndlbK  lUibllilli.-!!. 

It  has  been  possible  dunnff  the  year  to  arrange  for  a  new 
K'fture  hall  in  the  Museum,  a  feature  which  for  several  jears 
seemed  to  be  of  public  imiwrtauee  but  which  waw  of  iiecessity 
temporarily  al)andoned.  The  pi-es<!nt  hall  is  well  equipped 
for  its  UHe,  lieing  provided  with  a  convenient  platform,  a 
lantern  stand,  sci-eon,  ehairs,  and  adjustable  window  screens. 

Progress  has  been  made  in  the  installation  of  electric  arc 
lamps  throughout  the  Museum  halU,  and  it  is  expected  dur- 
ing the  coming  year  to  wmplct*;  the  work  so  that  the  building 
may  be  opened  at  night  when  occasion  or  order  of  Congress 
should  retjuire  it. 

Much-needed  improvements  are  being  made  in  the  heating 
system  by  the  installation  of  new  boilers  in  the  Museum  and 
ihe  connection  by  a  tunnel  with  the  Smithsonian  building, 
rendering  it  possible  to  considerably  economize  the  8er\'ice 
hi"  heating  Iwth  buildings  fi-om  one  center  instead  of  by  two 
)>laiits  as  heietoforo. 

Among  other  improvements  of  the  year  it  may  be  men- 
tioned that  the  last  of  the  old  teinpoi'ary  wooden  flooring  of 
the  Museum  halls  has  Ijeen  entirely  replaced  by  ptirmanent 
termzzo  jMivenient. 

The  reiHirt  of  the  Assistant  Secretjviy  eniimeiiiti's  some- 
wliat  in  detail  the  lucessions  to  th«  several  departments  of  the 
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Museum  during  the  year,  aggregating  about  180,000  »poci- 
mens,  among  wbivb  may  be  bere  mentioned  ethnological  mate- 
lial  collected  by  officem  of  the  Army  and  Navy  in  southern 
California,  British  Columbia,  and  Alaska,  some  facsimiles  of 
ancient  codices  presented  by  the  Due  de  Loubat,  and  aborig- 
inal objects  of  much  interest  from  Brazil  and  other  parts  of 
South  America.  Special  attention  ig  also  called  to  the  valua- 
ble collection  transmitted  from  the  Far  East  by  Dr.  W,  L. 
Abbott,  who  has  already  contributed  ao  largely  to  the  Museum 
as  the  result  of  his  extensive  explorations. 

Among  other  newly  aajuired  collections  of  interest  are 
objects  of  flint,  illui^trating  the  stone-shaping  art  of  the  primi- 
tive Egyptians,  presented  by  Mr.  Seton-Karr,  of  London, 
and  a  very  full  series  of  stone  implenicntw  and  other  relics, 
principally  from  Maryland,  presented  by  Mr.  J.  D.  McGuire. 

The  biological  department  has  been  enriched  by  collections 
of  special  interest  gathered  by  collaborators  of  the  Muiieum 
in  various  parts  of  the  world,  including  marine  zoological 
specimens  gathered  in  connection  with  the  expeditions  of  the 
Fish  Commission  steamers  Alhatroas  and  Fuh  Hawk  in  the 
Pacific  Ocean  and  the  region  of  Porto  Rico.  It  has  been  pos- 
sible to  secure  by  purchase  upwards  of  a  thousand  fipeoimens 
of  North  and  Central  American  birds,  and  by  donation  there 
has  been  received  a  large  number  of  the  eggs  and  nests  of 
Philippine  birds. 

Among  the  geological  additions  of  the  year  are  several 
thousand  fossils  from  various  regions,  one  of  the  most  inter- 
esting being  a  fairly  complete  skeleton  of  an  adult  female 
mastodon  from  Michigan. 

During  the  past  twenty  years  it  has  been  possible  for  the 
Museum  to  distribute  duplicate  specimens  to  a  considerable 
number  of  institutions  of  learning  in  this  country,  and  very 
much  more  could  be  accomplished  in  this  way  were  funds 
available  for  the  preparation  of  additional  collections  of  this 
kind.  Wherever  these  series  have  been  sent,  they  are  highly 
appreciated,  and  the  demands  from  other  institutions  for  simi- 
lar contributions  are  constantly  increasing. 

It  is  all  important  that  every  object  exhibited  in  the  Museum 
be  suitably  and  permanently  labeled,  and  white  it  is  gratify- 
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irig  that  much  progrcsH  has  been  made  in  thin  work  in  recent 
years,  many  HpecimeiiH  still  rciimin  with  oriiy  t«mporary  labeln. 
During  the  past  year  but  little  could  bo  accomplished  in  this 
direction,  owing  to  the  large  demand  upon  the  time  of  Muijeuni 
officials  in  connection  with  the  preparation  of  exhibits  for  the 
Fan-Ameri<'an  Expa-^ition,  and  also  the  present  inadequate 
facilities  for  label  printing.  Attention  iu  this  connection  is 
called  to  par^i-aphs  below  on  the  possible  treatmcntof  lalwls 
so  as  to  render  them  not  only  valuable  for  scientific  classifi- 
cation, but  also  instructi\'c  and  interesting  to  the  public. 

The  Secretary  haa  endeavored  each  year  to  make  some 
advance  in  the  dire<^'tion  of  the  Institution's  primary  purpose 
of  the  increase  of  original  knowledge  through  o)>servation  and 
reseaix'li  by  the  eminent  men  who  are  acting  as  its  immediate 
curators.  What  has  been  done  in  this  way  will  be  found  indi- 
cated in  the  Museum  reports. 

He  is  at  this  moment  .speaking,  however,  of  only  a  sub- 
ordinate, though  not  uninij}ortant,  portion  of  the  Miiseunrs 
work,  that  of  instruction  and  entertainment,  and  toward  this 
end  he  ha.s  with  personal  attention  brought  together  in  one  of 
the  balls  of  the  Smithsonian  building  a  small  collex-tion  which 
has  been  called  "The  Children's  Room"  (though  it  appears  to 
interest  adults  at  least  as  much  as  children),  comprising 
objccfj^  of  interest  rather  than  of  practical  instruction.  The 
room  itself  has  been  made  attractive  by  a  careful  choice  of 
color  and  design  in  the  decoration  of  the  walls  and  ceilings, 
embodying  illustrations  of  the  life  of  animals  and  plants. 

The  objects  displayed  in  the  i-oom  include  cages  of  living 
biixls,  aquaria  with  fishes,  and  cases  filled  with  those  things 
which  interest  childi-en  even  of  a  larger  growth. 

As  the  Secretary  stated  in  his  last  report,  the  classification 
"  is  not  that  of  science,  but  that  which  is  most  intelligible  to 
the  untrained  mind,"  and  is  intended  for  the  purpose  of 
exciting  the  interest  and  wonder  of  the  youthful  visitor,  in  the 
ultimate  hoi>e  that  this  will  stimulate  a  desire  for  knowledge 
in  natural  history. 

The  Secretary  takes  this  occa.-iion  to  express  the  hope  that 
this  small  special  collection  may  have  u  possible  use  l>eyond 
its  immediately  declared  purpose.     It  is  only  within  the  last 
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few  years  that  »cieiitifiv  men  have  begun  to  collect  and  puhliuh 
in  methodical  form  the  life  bistoriet)  of  birde  and  other  ani- 
mals, and  it  is  believed  that  they  are  beginning  to  take  an 
increased  interest  in  reducing  the  re^iultM  of  their  researches 
to  popular  form  for  the  entertainment  and  instruction  of  the 
larger  public,  on  whose  support  with  Congrcfw,  the  pecuniary 
nieann  for  higher  learning  itself  must  also  depend. 

With  regard  to  this,  the  SetTCtary  will  quote  from  a  previ- 
ous report  to  the  effect  that  "  if  the  first  purpose  of  a  muwum 
be  for  the  increase  of  original  knowledge  by  investigation 
and  research,  its  second  purpose  is  to  entertain  as  well  as  to 
instruct." 

The  Secretary  has  elsewhere  quoted  the  detinition  of  an 
educational  museum  as  "a  collection  of  instructive  labels, 
each  illustrated  by  a  well-selected  specimen."  It  is  believed 
that  the  National  Museum  of  the  Smithsonian  Institution  ha.s 
led  in  the  practice  of  making  its  labels  generally  instructive; 
and  yet  it  may  be  properly  asked  whether  the  labels  in  the 
collections  even  in  our  own  Museum,  or  in  almost  any  other, 
are  a  collection  of  instructive  labels  for  the  general  public. 

The  Secretary  expresses  the  wish  that  still  further  progress 
in  this  direction  of  instructing  and  interesting  the  public  may 
be  made,  and  he  suggests,  as  one  legitimate  means  of  doing  it, 
not  any  change  in  the  present  labels  or  in  the  Latin  names  of 
the  specimens,  which  should  alway^t  remain,  but  an  addition  to 
each,  or  at  least  to  the  labels  of  the  more  popularly  interest- 
ing specimens,  giving  briefly  in  English  some  characteristic, 
and  if  possible  some  intert'stiiig  characteristic,  of  the  specimen 
in  question. 

Again  repeating  that  the  first  purpose  of  the  Museum  is  to 
aid  investigation  and  research,  and  that  this  will  always  have 
his  first  attention,  he  recalls  that  there  is  a  sul>ordinate  but 
most  valual»le  purpose,  and  he  wishes  to  say  now  what  has 
been  increasingly  in  his  mind  for  years,  that  he  would  feel  he 
had  been  promoting  a  most  useful  work  if  he  could  be  the 
means  of  inducing  all  museums  to  systematically  add  to  exist- 
ing labels  (on  at  least  all  the  most  interesting  or  characteristic 
specimens)  something  which  would  bring  their  subject  within 
the  reach  of  the  unlearned  public. 
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To  illustrate  the  very  .slight  modifimtion  necessary  to  earry 
the  suggestion  into  effect,  there  is  given  below  an  example  of 
the  usual  label  and  of  the  niodifiGd  form  which,  adding  a 
single  sentence,  furnishes  additional  information  of  a  popular 
character. 


OBKSTEJD 

PLT-OATOHBB. 

Great  YcUo 

w-bellicd  Flynicba-. 

Myiarohui 

3  crlnltuB  (Linn.) 

«rl«tohi™p«. 

CRESTED    FLY-CATCHER. 

GrU  Yeltav-belliEd  Flyatchcr. 

Myiatchua  crinltua  (Linn.) 


tHtt.  JV.  Am.  B.. 
EutCRI   United  Sum  >nd   Britilh  Prov! 
bui  TiR  nonhtutwatd  beyond  the  Conne 


, I  Pliln.;  in 

t,  (he  purpoH  bcEnf  appuTDtly  to 


BUREAU  OF  AMERICAN  ETHNOLOOY. 

Researches  among  the  native  American  tribes  have  been 
continued  in  the  Bureau  under  the  immediate  supervision  of 
Maj.  J.  W.  Powell,  its  Director.  The  operatioriH  of  the  year 
were  conducted  in  accordance  with  the  act  of  Congrejss  ap- 
proved June  6,  19()0,  and  with  the  formal  plan  adopted  by 
the  Secretary  June  1!),  lytJO. 

As  heretofore,  the  work  has  been  carried  forward  in  such 
manner  as  to  aid  in  advancing  the  science  of  ethnology,  and 
the  Director  has  given  much  attention  to  the  developnipnt  of  a 
classification  of  the  native  tribes  on  the  basis  of  their  noniial 
activities.    It  is  thought  that,  in  addition  to  its  iuimediate 
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utility,  this  work  will  constitute  an  impoi-tant  contribution  to 
the  Hciences  dealing  with  mankind. 

Field  work  was  prosecuted  in  Alaska,  Arizona,  California, 
Maine,  New  Mexico,  New  York,  North  Carolina,  Virginia, 
and  Wisconsin,  as  well  as  in  British  Columbia  and  Ontario, 
Canada,  and  in  Lower  California  and  Sonera,  Mexico.  Addi- 
tional data  were  received  from  correspondents  and  collabora- 
tors in  other  sectioDH. 

One  of  the  noteworthy  expeditions  of  tlie  year  traversed 
the  arid  re^ons  of  Arizona,  Sonora,  and  Lower  California 
along  new  routes,  and  resulted  in  discovering  the  recent 
extinction  of  the  Tepoka  Indians,  in  defining  the  western 
boundary  of  the  territory  occupied  by  the  Papagos,  also  in 
the  first  soientific  study  of  the  Cocopas  living  in  the  Lower 
Colorado  River  region.  Among  these  Indians  a  collection 
was  made  for  the  National  Museum,  portions  of  which  were 
subsequently  used  in  the  exhibit  at  the  Pan-American  Expo- 
sition in  Buffalo.  The  Cocopas  were  found  to  present  vari- 
ous features  of  interest  both  to  scientific  students  and  to 
statesmen.  The  work  of  the  expedition  was  facilitated  by 
several  officers  of  the  Republic  of  Mexico,  including  His 
Excellency  Senor  Don  Manuel  de  Aspiroz,  the  ambassador 
from  Mexico  to  the  United  States,  whose  courtesy  it  is  a 
pleasure  to  acknowledge.  An  extensive  archseologie  recon- 
naissance was  made  also  through  central  and  southeastern 
Arizona,  where  various  ruins  of  ancient  habitations  were 
examined.  Linguistic  records  of  gi-eat  value  were  obtained 
by  a  collalK>rator  among  the  Haida  Indians  in  British 
Columbia. 

Valiiable  collections  wer«  made  or  acquired  during  the 
year — a  typical  series  of  stone  implements  from  (ieorgia,  a 
collection  of  artifacts  in  stone  and  clay  from  southern  Cal- 
ifornia, the  Cocopa  collection  already  mentioned,  and  a  series 
of  obsidian  Idades  from  California  being  most  notable. 

As  during  previous  years,  numerous  photographs  of  abo- 
rigines were  taken  both  in  the  field  and  from  Indian  delega- 
tions visiting  Washington,  and  toward  the  close  of  the  year 
a  number  of  kinetoseopc  views,  or  motion  pictures,  were 
obtained  for  purposes  of  study  and  record. 

The  work  in  the  office  covered  a  wide  range  of  topics  per- 
taining to  the  characteristics  and  products  of  the  aborigines. 
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Among  the  reports  prepared  for  publication,  one  embody- 
ing a,  serieM  of  symbolie  paintingH  of  ritualii^tic  eharacter, 
which  may  be  termed  ii  Codex  Hopiensiu  from  the  tribe  in 
which  it  was  found,  is  of  peculiar  interest.  Another  report 
of  special  not«  rebites  to  wild  rice  as  an  aboriginal  food 
source,  and  touches  on  the  utilization  of  this  plant  by  white 
settlers.  The  publication  of  the  Report  was  continued  with 
some  delay  due  to  the  time  required  for  reproducing  the  illus- 
trations accompanying  the  papers.  The  Seventeenth  Report 
and  the  first  volume  of  the  Eighteenth  were  distributed  dur- 
ing the  year,  while  the  second  part  of  the  Eighteenth  was 
finished  to  the  point  of  binding;  at  the  same  time  the  Nine- 
teenth Report  was  edited  and  proof-read. 

The  work  of  the  Bureau  during  the  year  is  described  at 
some  length  in  the  Report  of  the  Director. 

NATIONAL  ZOOLOGICAL  PARK. 

The  Secretary  recalls  to  the  Regents  that  the  primary  pur- 
pose for  which  they  sanctioned  the  establishment  of  the  Na- 
tional Zoological  Park  was  embodied  in  its  name.  It  was  to  be 
a  "  National"  one;  and  it  was  not  for  the  City  of  Washington 
only,  but  to  be  a  means  of  preserving  the  gi-eat  animals  of  the 
country,  and  particularly  of  the  North  and  West,  which  were 
in  danger  of  extinction;  and  it  was  to  exist  quite  as  much  for 
Idaho  or  Oregon  as  for  the  District  of  Columbia. 

It  is  earnestly  to  be  hoped  that  Congress  will  carry  out  the 
plan  originally  urged  upon  tt,  of  treating  this  park  as  it  treats 
the  National  Museum,  that  is,  a.s  something  not  existing  for 
the  benefit  of  the  District  chiefly,  nor  properly  to  be  main- 
tained by  the  taxation  of  its  inhabitants.  In  any  ca^e  it  is  to 
be  known  that  while  the  National  Park  has  been  of  a  great 
deal  of  incidental  use  to  Washington  as  an  admirable  place  fot 
health,  recreation  and  entertainment,  accessible  to  those  who 
can  only  go  on  foot,  and  offering  such  t^harm  of  scenery  as  no 
other  public  park  under  such  conditions  possesses,  yet  that 
one  of  the  principal  purposes  for  which  it  was  founded — the 
preservation  from  extinction  of  the  national  animal  races — ha-s 
not  been  considered  by  Congress.  A'K>ut  this  the  Secretary 
can  express  himself  no  better  now  than  he  did  in  his  report  for 
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1S90,  in  which,  rcftirrinff  to  the  history  of  similar  attempts, 
he  said: 

"  In  the  early  part  of  thin  century  a  nataralist  traveling  in 
Siberia  atood  liy  the  mutilated  body  of  a  nianimoth  still  unde- 
cayed,  which  the  melting  of  the  frozen  gravel  had  revealed, 
and  to  the  skeleton  of  whioh  large  portions  of  Hesh,  skin,  and 
hair  still  clung.  The  remains  were  excavated  and  transport^'d 
many  hundred  miles  across  the  frozen  waste,  and  at  last  reached 
the  liiiperial  Museum  at  St.  Petersl)m^,  where,  through  all 
these  years,  the  mounted  skeleton  has  justly  been  regarded  as 
the  greatest  treasure  of  that  magnificent  collection. 

"Scientific  memoirs,  popular  books,  theol(^ical  works, 
poems — in  short,  a  whole  literature — has  come  into  existence 
with  this  discovery  as  its  text.  No  other  event  in  all  the  his- 
tory of  such  subjectfj  has  excited  a  greater  or  more  permanent 
interest  outside  of  purely  scientific  circles;  for  the  resurrec- 
tion of  this  relic  of  a  geologic  tiute  in  a  condition  analogous 
to  that  in  which  the  Iwdies  of  contemporaneous  animals  are 
daily  seen  brings  home  to  the  mind  of  the  least  curious  obsen'er 
the  reality  of  a  long  extinct  race  with  a  vividness  which  no 
fossils  or  petrifactions  of  the  ordinary  sort  can  possiblv  equal. 

"  Now,  I  am  assured  by  most  competent  naturalists  ttat  few, 
if  any,  of  those  not  particularly  devoted  to  the  study  of  Ameri  - 
can  animals  realize  that  changes  have  already  occurred  or  ai-e 
on  the  point  of  taking  place  in  our  own  characteristic  fauna 
compared  with  which  the  disappearance  from  it  of  the  mam- 
moth was  insiguiticant.  That  animal  was  common  to  all 
northern  lands  in  its  day.  The  practical  domestication  of 
the  elephant  gives  to  everyone  the  opportunity  of  observing 
a  gigantic  creature  closely  allied  to  tnc  mammoth,  and  from 
whiiTi  he  may  gain  an  approximately  correct  idea  of  it.  But 
no  such  example  is  at  hand  in  the  case  of  the  bison,  the 
prong-horn  antelope,  the  elk,  the  Kocky  Mountain  goat,  and 
many  more  of  our  vanishing  races. 

"The  student  of  even  the  most  modern  text- books  learns  that 
the  chai"acteristic  larger  animals  of  the  United  States  are  those 
just  mentioned,  with  the  moose,  the  grizzly  bear,  the  beaver, 
and  if  we  include  marine  forms  and  arctic  American  animals 
we  may  add  the  northern  fur  seal,  the  Pacific  walrus,  the 
Californian  sea  elephant,  the  manatee,  and  still  others. 

"  With  one  or  two  exceptions  out  of  this  long  list,  men  now 
living  can  remember  when  each  of  these  animals  was  reason- 
ably abundant  within  it-*  natural  territory.  It  is  within  the 
bounds  of  moderation  to  aflinn  that  unless  Congress  places 
some  cheek  on  the  present  rate  of  destruction  there  are  men 
now  living  who  will  see  the  time  when  the  animals  enumerated 
will  l>e  practically  extinct,  or  exterminated  within  the  limits 
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of  the  United  States.  Already  the  cenuu^  of  »ome  of  them 
can  be  expressed  in  three  figures. 

"The  fate  of  the  bi«on,  or  American  buffalo,  is  typical  of 
them  all.  ^Whether  we  consider  thia  noble  anitual,'  sajB 
Audubon,  'as  an  object  of  the  chase  or  as  an  article  of  food 
for  man,  it  is  decidedly  the  most  important  of  all  our  Ameri- 
can contemporary  quadrupeds.' 

''At  the  middle  of  the  last  century  this  animal  pastured  in 
Pennsylvania  and  Virginia,  and  even  at  the  close  of  the  cen- 
tury ranged  over  the  whole  Mississippi  Valley  and  farther 
west  wherever  pasturage  was  to  be  found.  At  the  present 
time  a  few  hundred  survivors  represent  the  millions  of  the 
last  century,  and  we  should  not  have  even  these  few  hundred 
within  our  territory  had  it  not  been  for  the  wise  action  of 
Congress  in  providing  for  them  a  safe  home  in  the  Yellow- 
stone Park. 

"  Now,  for  several  reasons  it  has  been  comparatively  easy  to 
trace  the  decline  of  the  buffalo  population.  The  size  of  the 
animal,  its  preference  for  open  country,  the  sportsman's  in- 
terest in  it,  and  its  relations  to  the  food  supply  of  the  West- 
ern Indians,  all  led  to  the  observation  and  record  of  changes; 
and  accordingly  I  have  made  special  mention  of  this  animal 
in  representing  the  advant^es  of  a  national  zoological  park 
where  it  might  be  preserved;  but  this  is  by  no  means  the 
only  characteristic  creature  now  threatened  with  speedy 
extinction. 

"The  moose  is  known  to  be  at  the  present  time  a  rare  animal 
in  the  United  States,  but  is  in  less  immediate  danger  than  some 
others.  The  elk  is  vigorously  hunted  and  is  no  longer  easily 
obtained,  even  in  its  most  favored  haunts.  The  grizzly  bear 
is  believed  to  be  rapidly  approaching  extinction  outside  of 
the  Yellowstone  Park,  where,  owing  to  the  assiduous  care  of 
those  in  charge,  both  it  and  the  elk  are  still  preserved.  The 
mountain  sheep  and  goat,  which  inhabit  less  accessible  re- 
gions, are  becoming  more  and  moi-e  rare,  while  the  beaver 
has  retreated  from  a  vast  former  area  to  such  secluded  haunt» 
that  it  may  fiossibly  survive  longer  than  the  other  species 
which  I  have  just  enumerated,  and  which  are  but  a  portion  of 
those  in  imminent  danger  of  extinction. 

"Among  the  marine  forms  the  manatee  still  exisfa,  but, 
although  not  exterminated,  it  is  in  immediate  danger  of  lie- 
coming  so,  like  the  Californian  sea  elephant,  a  gigantic  crea- 
ture, often  of  greater  bulk  than  the  elephant,  which  has 
suffered  the  fate  of  complete  extinction  within  a  few  past 
years;  at  least  it  is  uncei'tain  whether  a  single  individual 
actually  survives.  The  Pacific  walrus,  upon  which  a  large 
native  population  has  always  in  gi'oat  part  depended  for  food 
and  hides,  is  rapidly  following  the  sea  elepbant,  and  so  on 
with  other  species. 
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^'Tbis  appalling  det^truction  sa  not  confined  to  mammals. 
Disregarding  the  bird»  of  i^ong  and  plumage,  to  which  the 
fashions  of  the  milliner  hare  brought  disaster,  nearly  all  the 
hirger  and  more  characteristic  American  birds  have  suffered 
in  the  same  way  as  their  four-footed  contemporaries.  The 
fate  of  tbe  great  Auk  is  familiar  to  all  naturalists;  but  it  is 
not  so  well  known  that  the  great  Californian  vulture  and  sev- 
eral of  the  beautiful  sea  fowl  of  our  coasts  have  met  tbe  same 
fate,  and  that  tbe  wild  pigeon,  whose  astonishing  flocks  were 
dwelt  upon  by  Audubon  and  others  in  such  remarkable 
descriptions  and  which  were  long  the  wonder  of  American 
travelers,  with  tbe  less  known,  but  magnificent  ivory- 
billed  woodpecker,  and  the  pretty  Carolina  parrakeet,  have 
all  become,  if  not  extinct,  among  tbe  rarest  ot  birds. 

"Apart  from  the  commercial  value  of  its  skins,  the  tax  upon 
which  has  paid  for  the  cost  of  our  vast  Alaskan  territory,  the 
singular  habits  and  teeming  millions  of  the  northern  fur  seal 
have  excited  general  interest  even  among  those  who  are  not 
interested  in  natural  hLntory.  In  1849  these  animals  abounded 
from  Lower  California  to  the  lonely  Alaskan  Isles,  and  it  had 
been  supposed  that  the  precautions  taken  by  the  Government 
for  their  protection  on  the  breeding  grounds  of  the  Pribilof 
Islands  would  preserve  permanently  tbe  still  considerable  rem- 
nant which  existed  after  the  purcbaseof  Alaskaand  tbe  destruc- 
tion of  the  southern  rookeries.  But  it  is  becoming  too  evident 
that  the  greed  of  the  hunters  and  tbe  devastation  caused  by 
the  general  adoption  of  the  method  of  pursuing  them  in  the 
open  sea,  destroying  indiscriminately  mothers  and  offspring, 
is  going  to  bring  these  hopes  to  naught. 

' '  For  most  of  these  animals,  therefore,  it  may  be  regaixled  as 
certain  that,  unless  some  small  remnant  be  preserved  in  a  semi- 
domesticated  state,  a  few  years  will  bring  utter  extinction. 
The  American  of  the  next  generation,  when  questioned  about 
the  animals  once  characteristic  of  his  country,  will  then  be 
foiced  to  confess  that  with  the  exception  of  a  few  insignificant 
creatures,  ranking  an  vermin,  this  broad  continent  possesses 
none  of  those  species  which  once  covered  it,  since  tbe  present 
generation  will  have  completed  the  destruction  of  them  all." 

During  tbe  eleven  years  that  have  elapsed  since  these  para- 
graphs were  written,  the  writer  has  presented  thcMC  consider- 
ations every  session,  with  the  insistaiice  it  seemed  to  him  their 
importance  deserved,  until  of  late  years  he  has  had  to  feel 
that  the  opportunity  for  saving  this  remnant,  which  was  going 
more  and  more  each  year,  had  in  some  respects  finally  gone. 
Tbe  great  Kadiak  bear,  the  largest  carnivorous  animal  upon 
theplanet,  since  the  report  above  quoted  was  written,  has  been 
driven  farther  and  farther  into  the  interior,  until  a  specimen 
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is  now  iinprocui'able  except  by  the  fitting  out  of  a  txwtly  expe- 
dition, with  the  remote  chance  of  obtaining  a  single  adult, 
though  such  an  expedition  will  probably  be  more  successful  in 
procuring  the  young. 

Something  much  like  this  may  be  said  of  the  giant  moose 
and  of  other  of  our  semiaretic  fauna.  The  buffalo  is  so 
nearly  gone,  even  from  its  shelter  in  the  Yellowstone  National 
Park,  that  the  stockade  which  the  Institution  erected  there  to 
secure  and  "gentle  "part  of  the  few  buffalo  remaining,  is  fall- 
ing down  without  a  single  one  ever  having  been  in  it.  Taught 
by  the  hopelessness  of  previous  applications,  the  Secretary 
has  limited  his  request  for  this  purpose  to  an  immediate  appro- 
priation of  f  15,000,  with  the  now  faint  hope  of  securing  some 
of  the  young  of  these  vanishing  creatures — the  great  bear,  the 
great  moose,  and  the  like.  The  Secretary  is  prepared  to  soon 
abandon  recommendations  which  have  been  urged  for  nearly 
ten  years,  not  only  because  they  have  been  so  far  made  in 
vain,  but  because  some  term  must  be  set  in  which  they  will 
have  too  evidently  grown  useless  from  the  disappearance  of 
the  animal  races  in  question. 

As  to  the  best  means  of  securing  the  protection  of  these 
races,  he  has  acquired  in  this  long  effort  some  practi<»l  knowl- 
edge of  the  difficulties  and  of  the  simple  but  effective  remedy 
which  can  be  applied.  The  subject  is  too  large  a  one,  how- 
ever, to  treat  here,  and  he  will  only  say  that  these  creatures,  if 
secured  and  transported  immediately  from  their  native  haunts, 
are  most  unlikely  to  live  under  the  conditions  of  civilization. 
They  are,  on  the  contrary,  very  likely  to  live  and  even  to  per- 
petuate their  species  if  taken  with  care  and  kept  surrounded 
by  the  protection  that  experience  and  conmion  .xensc  .suggest; 
and  both  these  mean  the  continuance  of  the  present  National 
Zoological  Park  here  under  the  eyes  of  Congress,  but  with  a 
simultaneou-s  provision  for  first  bringing  up  the  wild  animals 
in  a  commodious  place  of  confinement  in  the  country  where 
they  l>elong  (one  in  Alaska,  for  instance),  large  enough  to  allow 
them  to  live  without  a  sense  of  captivity,  on  their  ordinary  food, 
and  in  their  ordinary  climate.  This  place  might  be  a  small 
ranch,  where  the  things  of  vital  importance  after  their  capture 
and  security — namely,  their  being  '"gentled"  and  accustomed 
to  the  sight  of  the  keeper  l)eforelieing  transferred  to  Washing- 
ton —can  be  carried  out.     8uch  a  ranch  van  be  established  at  a 
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small  cost,  which  will  not  be  likely  to  be  exceeded,  and  C-on- 
greHS  win  be  aj^ui-ed  that  it  is  not  entenng  into  an  indclinit<> 
future  expense  if  this  initial  one  bo  approved. 

The  Secretary  will  not  leave  this  brief  mention  of  the  sub- 
ject without  stating  that  the  walrus,  perhaps  the  sea  elephant, 
some  kinds  of  seal,  and  many  other  great  aquatic  mammals, 
can  equally  share  in  this  protection  at  a  similarly  small  expense, 
by  simply  preserving  some  locality  where  the  walrus  now 
congregate,  as,  for  instance,  a  known  spot  on  the  northern 
shore  of  the  Alaskan  peninsula,  or  by  establishing  a  more 
special  preserve  in  some  landlocked  bay,  where  they  will 
obtain  their  natural  food  and  be  properly  guarded. 

As  to  the  local  use  of  the  National  park,  the  beautiful  region 
set  aside  by  Coagress  for  it  here  has  proved  a  tit  place  for 
filling  the  objects  of  its  existence,  declared  by  Congress  to  be 
"  The  advancement  of  science  and  the  instruction  and  recrea- 
tion of  the  people,"  for  here  not  only  are  the  national  ani- 
mals, with  others,  preserved  (in  connection,  it  is  to  be  hoped, 
later  with  fixed  sources  of  supply),  from  which  the  race  could 
be  recreated  if  it  died  out  elsewhere,  hut  the  National  Zoolog- 
ical Park  has  bec^sme  a  favorite  resort  of  the  nation's  visitors 
to  the  capital,  who  find  in  its  shades,  along  with  such  land- 
scapes as  no  other  city  can  show,  object  lessons  of  attractive 
interest — for  we  must  admit  that  we  are  all,  adults  as  well  as 
children,  interested  in  our  animals,  with  an  attraction  which 
no  books  about  them  can  supply. 

It  has  been  possible  to  make  some  needed  improvements  in 
the  roadways  of  the  park  during  the  year,  but  many  of  the 
buildings  are  almost  falling  down.  The  need  of  means  to  put 
a  permanent  shelter  over  the  animals  can  not  be  overstated. 
Mention  has  already  l>een  made  in  this  relation  of  the  aqua- 
rium building,  which  consists  of  a  literal  l>arn,  and  which  was 
brought  here  until  Congress  could  piovide  a  special  one;  but 
although  .several  years  have  elapsed,  none  has  yet  been  pro- 
vided. The  elephant  house,  a  small  wooden  shed,  put  up  as  a 
temporary  expedient  ten  years  ago,  requires  extensive  repairs 
to  prevent  it  literally  falling  from  rottenness. 

The  wooden  fence  placed  around  the  park  t*n  years  ago, 
and  expected  to  last  four  or  five  years  till  a  permanent  one 
was  provided,  has  never  l>eon  replat^d  at  all,  and  has  gone 
beyond  repnii-. 
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With  regard  to  the  birds,  more  is  being  dooo  for  the  better 
care  of  the  larger  one^.  There  has  been  designed  and  partly 
constinicted  a  large  "flying  cage,"  capable  of  including  tall 
treee  within  it,  which  i»  to  be  built  near  the  present  bird 
house.  The  cage  will  be  supplied  with  running  water,  and  it 
is  hoped  that  some  of  the  aquatic  species  may  live  within  its 
limits. 

THE  ASTBOPHYSICAL  OBSERVATORY. 

The  most  prominent  feature  of  the  year's  work  ban  been 
the  distribution  of  the  tirst  volume  of  Annals  of  the  Astro- 
physical  Observatory,  to  which  attention  was  directed  In 
my  report  of  last  year.  This  special  volume  has  been  sent 
to  1,500  Government  depositories,  observatories,  learned 
societies,  and  to  eminent  astronomers  and  physicists  through- 
out the  world.  The  work  will,  it  is  believed,  establish  an 
enduring  reputation  for  the  observatory  from  which  it  pro- 
ceeded. 

The  eclipse  expedition  to  Sumatra  is  spoken  of  more  at 
length  in  the  detailed  report  of  the  Aid  Acting  in  Charge, 
which  will  be  found  in  the  Appendix.  The  special  occasion 
for  this  expedition  arose  with  reference  to  the  obser\'ations 
made  under  the  Government  appropriation  by  the  Institution 
ill  the  solar  eclipse  of  May  28,  1900,  at  Wadesboro,  N.  0. 
These,  though  valuable,  were  not  in  themselves  complete,  and 
pointed  to  conclusions  of  particular  interest  which  demanded 
the  opportunity  of  another  eclipse  to  definitely  perfect  them. 

Perhaps  the  most  interesting  of  these  was  the  incomplete 
evidence  8e<mred  on  a  single  photograph  of  the  existence  of 
several  small  planets  within  the  orbit  of  Mercury,  as  indicated 
in  Plate  XVIII  of  the  last  year's  report.  Prof.  E.  C.  Pick- 
ering, to  whom  this  photograph  iftm  referred  for  his  expert 
judgment,  saw  nothing  in  the  appearance  of  the  photographic 
impressions  of  the  supposed  planets  which  would  lead  him  to 
pronounce  them  spurious.  To  make  certain  of  thoir  genuine- 
ness would,  howe\'er,  required  the  evidence  of  another  photo- 
graph, and  new  photographs  were  only  to  l>e  supplied  by 
another  eclipse. 

A  second,  not  absolutely  concluMive.  observation  of  great 
interest  was  that  made  by  the  bolometer  on  the  heat  of  the 
inner  corona,  from  which,  as  stated  on  p^e  154  of  the  Smith- 
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sonian  Report  for  1900,  certain  conclusionti  were  (irawii  regard- 
ing its  temperature.  These  observations  attracted  widespread 
interest  and  discussion  among  the  astronomical  public,  and  it 
became  of  importance  to  verify  and  extend  them  if  possible. 

Hence  it  seemed  to  be  desirable  that  an  expedition  should 
proceed  to  the  island  of  Sumatra  to  observe  the  long  eclipse 
there.  The  Institution  did  not,  however,  ask  for  a  second 
appropriation  from  Congress. 

The  United  States  Naval  Observatory,  which  had  secured 
such  an  appropriation,  had  courteously  offered  to  take  one  of 
the  Institution's  istaff  as  a  part  of  its  own  expedition.  Since, 
however,  the  Institution  wanted  the  Sumati-a  work  to  com- 
plete its  own  special  work  of  the  previous  year,  and  sin(.'C  it 
would  involve  the  use  of  large  special  apparatus  l>elonging  to 
it,  it  was  deemed  better  that  it  should^send  out  a  party  of  it^ 
own,  though  on  a  most  modest  scale. 

The  party  sent  out  from  the  Institution  consisted  of  Mr. 
C.  G.  Abbot,  Aid  Acting  in  Chaise  of  the  Smithsonian 
Observatory,  and  Mr.  Paul  Draper. 

Through  the  permission  of  the  Secretary  of  War  and  by 
thegoodoffiwsof  Brig.  Gen.  M.  I.  Ludtngton,  Quartermaster- 
General,  transportation  was  secured  to  Manila  and  return  by 
the  army  transport  sei-vice.  The  Se<'retary  of  the  Navy  con- 
sented that  the  Institution's  expedition  nhould  be  carried  from 
Manila  to  Padang  and  return  in  the  same  vessel  with  the  expe- 
dition of  the  United  States  Naval  Observatory.  My  acknowl- 
edgments are  further  due  the  Hon.  F.  W.  Hackett,  Assistant 
Secretary  of  the  Navy,  for  very  effective  aid  in  perfecting 
these  arrangements.  Letters  of  introduction  to  Dutch  offi- 
cials were  obtained  from  the  Department  of  State  of  the 
United  States,  and  from  his  excellency  Baron  W.  A.  F. 
Gevers,  minister  of  the  Netherlands. 

Mr.  Abbot  and  Mr.  Draper  .sailed  on  February  16  in  the 
transport  Sheridan  from  San  Francisco,  arriving  at  Manila 
on  March  15,  whence,  seven  days  later,  they  embarked  on  the 
United  States  naval  transport  General  Alava,  reaching  Padang, 
Sumatra,  on  April  4,  from  which  point  they  proceeded  to 
Solok,  a  small  town  in  the  interior,  which,  though  about 
twenty -five  miles  north  of  the  central  eclipse  track,  was  chosen 
as  having  the  l>e.st  meteorological  record  of  any  part  of  the 
island,  and  because  of  its  location  on  a  railroad.     Nothing 


Digitized  bvCoOgIC 


46  REPORT   OF   THE   8ECEETART. 

could  exceed  the  kindness  exercised  by  all  the  Dutch  officials 
of  Sumatra  to  further  the  comfort  and  success  of  the  obeerv- 
era.  Free  transportation  was  offered  on  all  government  rail- 
ways, and  observing  siteH  placed  at  their  disposal,  with  native 
laborers  for  the  installation  of  equipments.  The  Secretary 
wishes  to  especially  acknowledge  the  indebtednesn  of  the 
Institution  to  his  excellency  Governor  Joekes,  of  Sumatra's 
west  coast,  to  Heer  Th.  F.  A.  Delpi-at,  head  of  government 
railways  in  Sumatra,  and  to  Heer  C.  G.  Veth,  United  States 
consular  agent  at  Padsng,  whose  efforts  in  behalf  of  the  party 
were  untiring. 

The  little  expedition  reached  Solok  April  H  and  passed  the 
time  in  constant  drill,  being  strengthened  by  native  help  in 
erecting  instruments.  On  the  momentous  day  (May  18)  the 
weather  proved  to  be  very  bad  over  this  portion  of  the  bland, 
and  caused  the  partial  failure  of  the  observations,  though  Mr. 
Abbot  and  his  companion  may  feel  that  while  it  was  not  in 
their  power  to  command  success  they  have  deserved  it. 

They  returned  under  the  same  assistance  from  the  Army 
and  Navy  with  which  they  wentout,  reaching  Washington  on 
the  2!tth  of  July. 

Attention  is  called  to  the  progress  reported  by  the  Aid  Act- 
ing in  Charge  in  perfecting  devioen  to  increase  the  actual 
working  sensitiveness  of  the  galvanometer,  which  is  an 
indispensable  companion  to  the  bolometer  the  instrument 
which  perceives  and  measures  excessively  small  variations  of 
temperature. 

The  bolometer,  it  will  be  remembered,  was  invented  by  the 
present  writer  some  twenty  years  ago  as  an  instrument  to 
detect  radiant  heat  in  such  small  quantities  as  could  be  recog- 
nized not  even  by  the  most  delicate  thermometer,  and  which 
were  so  far  beyond  the  reach  of  that  instrument  that  the 
thermopile  could  not  register  them.  It  may  aeem  to  the  gen- 
eral reader  that  the  recognition  of  such  excessively  small 
amounts  of  heat  can  not  be  of  pra<.'tical  importance,  but  this 
would  be  like  saying  that  the  human  eye  was  an  instrument 
of  no  importance  to  the  owner,  since  the  amount  of  energy 
which  enabled  it  to  see  is  so  inexpressibly  small. 

The  bolometer  has  been  called  "an  eye  which  sees  in  the 
dark,"  and   it  sees  only  by  means  of  almost  intinitesimally 
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snisll  amountfi  of  heat,  but  it  now  frnes  with  theae  whut  neither 
the  eye  nor  the  phot<^raph  can  see.  When  the  writer  took 
chai^  of  the  Astrophysical  Observatoiy  of  the  HmithMonian 
Institution  the  bolometer,  with  its  attendant  galvanometer, 
i-ould  recognize  a,  change  of  temperature  of  less  than  one- 
hundrcd-thousandth  of  one  degree  Centigrade.  With  the 
changes  which  he  and  others  have  since  introduced  in  the  instru- 
nicntand  its  attendant  galvanometer,  itcan  now  recognize  le** 
than  one  one-hundred-miltionth  of  one  degree.  Ah  much  as 
a  thousandfold  gain  in  senNitivenem^  ba-s,  then,  )>cen  attained 
over  the  fonuer  conditionH,  and  a  manifold  further  increase  is 
hoped  for  by  the  use  of  the  more  wnsitive  galvanometer 
now  being  developed  under  the  immediate  care  of  Mr,  Abbot, 
the  Aid  Acting  in  Charge- 
Even  with  this  remarkable  progrcnw  the  Iwlometer  is  still 
far  less  sensitive  than  the  eve  in  its  capacity  to  detect  radia- 
tions of  wave-lengths  suitable  for  eye  observations,  but,  as  is 
well  known,  it  has  the  great  advantage  that  all  rays  affw^t  it 
equally,  whether  visible  or  not,  and  that  hence  it  can  see 
where  the  eye  can  not. 

In  this  little  and  inadequately  installed  Hmithsonian  Olwer- 
vatory  the  bolometer  has  extended  the  known  spectrum  to  a 
wave-length  many  times  that  known  to  Sir  Isaac  Newton,  and 
its  use  has  spread  from  this  country  to  every  physical  labora- 
tory in  the  world  where  such  researches  are  carried  on.  It  is 
growing  more  sensitive  each  year  with  continued  improve- 
ments, to  which  there  seems  to  be  no  assignable  limit,  and 
its  future  promises  to  be  as  full  of  value  as  its  past 

The  urban  situation  of  the  Observatory  puts  serious  diffi- 
culties in  the  way  of  investigations  which,  like  the  one  just 
referred  to,  require  exceptional  steadiness  and  freedom  from 
magnetic  fluctuations.  An  astrophysical  observatory  should 
evidently  be  located  where  smoke,  lights,  noise,  traffic,  and 
heavy  electric  currents  are  at  a  distance.  That  the  Smith- 
sonian Observatory  should  still,  after  twelve  years,  be  in  it« 
present  situation  and  with  merely  temporary  wooden  build- 
ings for  it«  home  is  indeed  far  from  the  expectations  cherished 
at  ita  inception,  a  condition  of  affairs  which  the  Secretary  still 
ventures  to  hope  will  be  changed. 
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INTERNATIONAL  EXCHANGES. 

The  importance  of  the  work  acvompUHbed  by  the  Interna- 
tioDal  Exchangee  Service  is  constantly  becoming  more  fully 
understood,  and  the  benefits  derived  from  it  in  the  inter- 
change of  the  publications  of  the  civilized  world  more  ade- 
quately estimated.  The  liberality  of  the  American  people  in 
gratuitously  supplying  their  scientific  literature  to  apprecia- 
tive students  of  it,  wherever  they  may  be.  and  the  provision 
for  its  transmission  at  the  expense  of  the  United  States  Gov- 
ernment and  of  the  Smithsonian  Intititution  jointly,  creates 
such  an  impression  abroad  that  the  Institution  is  often  asked 
for  a  description  of  the  mcthtKls  for  ret^ording  and  forward- 
ing exchanges,  with  a  view  to  enabling  others  to  adopt  its 
system,  which  for  accuracy,  labor  saving,  and  as  a  perma- 
nent record  for  ready  reference,  years  of  assiduous  study 
have  perfected  into  what  it  is  to-day. 

The  term  "  International  Exchanges,"  to  those  unaccus- 
tomed to  its  application,  may  seem  ambiguous,  but  the  use  of 
the  term  is  now  universally  accepted  as  applying  to  the 
mutual  exchange  between  Smithsonian  correspondents  every- 
where of  printed  books  on  subjects  of  interest  to  the  student 
in  any  branch  of  human  knowledge. 

The  Institution  adopted  the  custom  of  voluntarily  present- 
ing its  publications  to  learned  societies  in  the  year  1849,  when 
it  sent  a  copy  of  Volume  I  of  the  Smithsonian  Contributions 
to  Knowledge  to  each  of  one  hundred  and  seventy-three  for- 
eign institutions.  The  recipients  of  these  copies  subsequently 
sent  their  publications  in  exchange,  and  these  reciprocal  con- 
tributions aided  in  forming  the  nucleus  of  the  library  of  the 
Smithsonian  Institution. 

As  the  Institution  increased  the  publication  of  works  on 
scientific  subjects,  the  exchange  with  its  correspondent-* 
abroad  also  increased,  and  the  facilities  for  forwarding  and 
distributing  the  parcels  soon  led  to  requests  being  made  by 
other  learned  establishments  in  the  United  States  for  their 
publications  to  l>e  forwarded  abroad  by  the  Institution  in  the 
.same  manner.  The  purpose  of  the  donor  of  the  Smithsonian 
fund,  "the  diffusion  of  knowledge  among  men,"  could  not,  in 
the  minds  of  the*  Regents,  be  better  promulgated  than  by 
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devoting  a  part  of  the  income  of  the  fund  to  this  pui-pose, 
and  from  that  time  to  the  present  the  Institution  has  assigned 
space  in  the  Smithsonian  building  and  has  appropriated  a  con- 
siderable part  of  its  annual  revenue  to  the  support  of  the 
system  of  International  Exchanges. 

The  United  States  Government  participated  to  a  large 
extent  in  the  benefits  of  the  exchange  system  of  the  Smith- 
sonian Institution  for  many  years  without  contributing  to  its 
support,  until  the  burden  became  so  great  that  Congress  in 
1881  made  an  appropriation  of  $3,0lX)  for  the  pui-posc,  and 
since  then  has  made  larger  provision  for  the  service  f i-om  year 
to  year  until  $24,000  was  granted  for  the  fiscal  year  ending 
June  30,  ISfOO,  and  a  like  amount  v/hh  appropriated  for  the 
last  year. 

Notwithstanding  the  support  of  Congress  in  aid  of  the 
exchange  service  during  recent  years,  none  of  the  appropria- 
tions have  been  quite  adequate  to  the  growth  of  the  8er\'ice 
and  to  provide  for  improvements  necessary  to  expedite 
exchange  transmissions,  which,  within  the  last  two  years,  have 
been  unusually  lai^.  In  order  to  accomplish  these  improve- 
ments it  has  been  necessary  to  substitute  fast  mail  stM.mers 
for  the  slower  ones  upon  which  the  ocean  transportation  com- 
panies usually  granted  the  Institution  the  couitesy  of  free 
freight,  and  in  demanding  the  best  possible  facilities  it  has 
been  necessary  in  most  instances  to  pay  the  customary  rates. 

The  field  covered  by  correspondents  of  the  Smithsonian 
Institution  and  the  contributors  and  recipients  of  its  ex^ 
changes  is  now  represented  by  one  hundred  and  forty-eight 
countries,  covering  every  part  of  the  civilized  world  and 
extending  to  .sevej-al  countries  where  enlightenment  has  only 
commenced  to  manifest  itself.  In  the  latter  are  some  of  the 
most  appreciative  correspondents  of  the  service. 

Outside  the  United  States  the  Smithsonian  correspondents 
now  number  twenty -seven  thousand  five  hundred  and  fifty -six 
(27,556),  and  including  this  country  there  is  a  grand  total 
of  thirty-five  thousand  seven  hundred  and  five  (35,705),  an 
^gregate  increase  of  seventeen  hundred  and  fifty-four  (l,75i) 
during  the  year. 

The  parcels  received  for  ti'ansmission  this  year  number 
one  hundred  and  twenty-one  thousand  and  sixty  (121,060) 
m  1901 1 
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(many  of  which  contained  several  separate  publicatioDH),  rep- 
resenli!^}jan  increase  over  the  previous  j-ear  of  seven  thousand 
four  hinulred  and  ninety-seven  (7,497).  The  relative  amount 
of  exclianges  with  various  countries  is  graphically  shown  in 
the  accompanying  chart. 

.\  total  of  sixty-two  thousand  three  hundred  and  fourteen 
(6iJ.314),  or  more  than  half  the  number  of  parcels  delivered 
.to  the  International  Exchanges,  were  either  received  from  the 
departments  and  bureaus  of  the  United  States  Government 
for  transmission  abi-oad,  or  were  received  for  them  from 
abroad,  and  constituted  fully  75  per  cent  of  the  total  weight 
of  all  transmissions  for  the  yeai'.  This  branch  of  the  service 
is  then  of  value  to  the  Library  of  Congress  and  the  depart- 
mental and  sectional  libraries  of  every  ■  branch  of  the  Gov- 
ernment. 

In  his  last  report  the  Secretary  presented  an  account  of  his 
visit  to  London  and  Berlin  during  the  summer  of  1900  for 
the  purpose  of  impressing  upon  the  British  and  German 
Governments  the  desire  of  the  Institution  that  they  should 
each  establish  an  international  exchange  bureau,  or  at  least 
arrange  for  the  transmission  and  distribution  of  exchanges  so 
far  as  this  country  is  concerned.  This  work  hns  been  carried 
on  between  the  United  States  and  each  of  these  countries 
from  the  beginning  at  the  expen.se  of  the  Institution,  which 
has  paid  all  cxpen.ses,  even  to  the  employing  of  a  salaried 
agent  in  both  countries.  As  yet  no  definite  action  has  been 
t&ken  by  either  Government. 

Although  subsequently  to  the  conclusion  of  the  Brussels 
treaty  in  188t),  France  hud  established  an  international  ex- 
change bureau,  it  had  not  provided  sufScient  means  to  conduct 
it  in  a  manner  to  insure  prompt  distribution  of  parcels.  The 
Secretary,  accompanied  by  Mr.  Henry  Vignaud,  of  the  United 
States  embassy,  had  an  inteniew  with  Monsieur  Ltard,  chief 
of  the  libraries  of  France,  who  promised  to  recommend  to  the 
French  Chambei's  an  increase  in  the  appropriation  for  inter- 
national exchanges.  The  Se^ii-etary  is  pleased  to  note  that  a 
substantial  improvement  has  recently  been  made  in  the  time 
required  for  the  distribution  of  exchanges  in  Franco,  and  has 
every  reason  to  hope  that  the  interests  of  the  exchange  -■jcrv- 
ice  at  large  are  alwut  to  benefit  l»y  improvements  intitiduced 
at  his  rct{uest,  on  the  efficient  recommendation  of  M.  Liard, 
in  the  French  system. 
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Whenever  it  has  been  possible  for  a  representative  of  the  " 
Smithsonian  Institution  to  visit  the  exchange  bureaus  of  other 
countries,  the  information  obtained  concerning  the  systems 
and  customs  practiced  elsewhere  and  a  personal  acquaintance 
with  the  officers  in  immediate  charge  of  exchanges  has  been 
of  great  benefit.  As  the  official  exchange  bureaus  of  Italy 
and  Switzerland  had  never  been  visited  by  a  representative  of 
the  Institution,  and  as  the  agencies  at  Vienna  and  Budapest 
hud  not  been  inspected  since  the  autmnn  of  1807,  Mr.  W .  In'ing 
Adams,  chief  clerk  of  the  International  Exchange  Service,  was 
directed  to  visit  and  familiarize  himself  with  all  of  them  dur- 
ing the  last  summer,  Hw  report,  given  in  the  Appendix, 
iys  the  assurance  that  the  cor<Jial  relations  hitherto  exist- 
ng  t)etw%n  these  agencies  and  the  Smithsonian  Institution 
henceforth  be  more  firmly  established  than  ever;  and  an 
m  the  contributions  from  Italy  and  Switzerland  to 
the  United  States  (Jovemment  institutions,  especially  to  the 
Library  of  Congress,  is  already  apparent. 

NECROIX)GY. 

WILLIAM    LYNK    WILSON. 

At  a  meeting  of  the  Board  of  Kegents  of  the  Smithsonian 
Institution  held  .lanuaty  23,  11H»1,  the  Hon.  J.  B.  Henderson, 
the  chairman  of  the  Exccntive  Committee,  made  the  following 
remarks  in  memorj-  of  Mr,  Wilson: 

It  is  due  to  Mr.  Wilson  that  a  woi-d  of  tribute,  to  his  mem- 
ory should  come  from  the  Executive  Committee  of  the  Board 
of  Kegents.  His  service  as  a  meml>er  of  the  Committee  wan  of 
short  duration,  but  long  enough  to  endear  him  to  those  who 
survive. 

While  Mr.  Wilstm  pos«es.sed.  in  an  eminent  degree,  the 
power  of  speech — while  indeed  he  was  an  orator,  gifted  with 
the  charm  and  Iwauty  of  genuine  elo(|uencc— hiscnief  title  to 
("emembrance  will  rest,  not  upon  his  words,  but  rather  ui>on 
what  be  did  and  what  he  was. 

Aim  oj/un  cut  rifrln",  cre(/tf<-  nhiw.  Blessed  with  a  libci'al 
education,  he  enjoyed  it  not  alone,  but  iHH-ame  an  educator  of 
usefulness  and  marked  distinction.  As  a  lawyer  he  took  high 
rank,  and  placed  himself  among  the  most  distinguished  jurists 
of  his  State.  For  twelve  years  he  served  an  intelligent  con- 
stituency in  the  Congress  of  the  United  States,  where  his 
record  is  marked  by  all  that  characterizes  the  highest  order 
of  statesmanship — honesty,  purity,  devotion,  and  inttdligence. 

As  Postmaster- General  in  the  Cabinet  of  President  Cleve- 
land, he  gave  renewed  evidence  of  ability  and  industry, (b^^^qI^ 
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,  also  the  highest  aiMumnce  of  capacity  for  the  conduct  of  the 
uioHt  difficult  administrative  duties. 

With  thia  but  inadequate  retrospect  of  what  he  did,  let  us 
turn  for  a  moiuent  to  what  he  was.  In  the  fir»t  place,  he  wa^ 
what  the  poet  justly  designates  as  the  "noblest  work  of  God," 
an  honest  man.  tieyontithe  wisdom  of  the  philosophers  and 
the  ctaasicailore  of  the  universities,  he  had  that  pure  and  better 
teaching,  an  educated  conscience.  And  to  this  unerring  tribiuial 
ho  submitted  the  conduct  of  his  life.  And  thus  it  was  tliat 
the  observance  of  the  golden  rule  bi-ought  him  no  burden,  but 
was  a  part  of  his  existence. .  He  esteemed  his  friend  as  he 
esteemed  himself.  In  the  language  of  the  Greek  philosopher, 
his  friend  was  "another  I." 

It  has  been  said  that  great  men  are  without  ostentation  and 
selfish  pride.  If  this  be  a  mark  of  greatness.  Mr.  Wilson's 
gentleness  and  simplicity  of  character  gave  him  the  highest 
pla<^e  among  the  truly  great.  It  is  said,  and  said  With  truth, 
that  kindness  is  the  only  key  with  which  the  casket  of  the 
human  heart  can  be  opened.  Mr.  Wilaon  had  no  enemies, 
and  his  kindness  and  lovable  character  explain  the  fact 

Tennyson  was  right  when  he  said. 


The  Board  adopted  the  following  resolutions. 

Whereas  the  Board  of  Regents  of  the  Smithsonian  Insti- 
tution is  called  upon  to  mourn  the  death,  on  October  17, 
1900,  of  William  Lyne  Wilson,  a  member  of  the  board  from 
1884  to  188H  and  from  1896,  and  a  member  of  its  executive 
committee: 

Be  it  re^olvfd.  That  the  Regents  place  upon  record  the 
expression  of  their  sense  of  loss  in  the  passin?  away  of  a  col- 
league, the  simplicity  and  integrity  of  whosclifc  ^ve  to  the 
country  a  statesman  of  the  first  rank  and  to  the  people  a  noble 
example.  To  the  Institution  he  brought  the  twofold  qualities 
of  the  man  of  affairs  and  the  man  of  learning,  while  his  atten- 
tion to  his  duties  was  unremitting,  even  in  sickness,  and  his 
counsel  was  always  most  wise  and  helpful.  As  a  college  presi- 
dent, as  a  leadei'  in  Congress,  he  was  conspil^uon.■4  for  his 
fidelity  to  the  highe.st  ideals.  In  his  death  the  country  ha^ 
lost  a  distinguished  citizen,  the  Institution  a  wise  counselor, 
and  the  memoers  of  the  board  a  colleague  and  friend,  whose 
especially  lovable  nature  won  the  heai'ts  of  all  with  whom  he 
came  in  contact. 

Re^oh'til,  That  this  resolution  be  entered  as  a  part  of  the 
journal  of  the  boaixl  and  a  copy  tnmsmittnl  to  Mrs,  Wilson. 

Respectfully  subniittj'd. 

S.    1'.    La  NO  LEY, 

Sn-rrl'iry  of  Uw  Hiiuthxuman  Imtitittlon. 
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Appendix  I. 
REPORT  ON  THE  UNITED  STATES  NATIONAL  MUSEUM. 

Sib:  I  hikve  the  honor  to  report  as  fallows  regarding  the  condition  and 
operations  of  the  National  Museum  during  the  year  ending  June  30,  1901 : 

While  having  as  ita  primary  function  to  preserve  and  classify  the  Gov- 
ernment collections,  to  which  large  additions  were  made  during  the  year, 
the  National  Museum  is  beet  known  to  the  public  from  its  educational 
side,'  and  as  a  source  of  information  on  scientilic  aubjects.  As  one  of  the 
principal  paints  of  interetrt  at.  the  national  capital,  it  is  visited  by  large 
numbers  of  persons  from  all  parts  of  the  country,  the  attendance  during 
the  past  year  having  been  above  216,000,  which  is  about  the  average. 
Many  thousands  who  have  not  the  opportunity  of  coming  to  Washington 
are  beoeflted  by  its  publications  sent  to  them  directly  or  accessible  in  the 
public  libraries.  Upward  of  700  Iota  of  specimens  were  received  at  the 
Museum  for  identiRcaUon  and  report,  besides  some  8,000  letters  requesting 
information  on  a  great  diversity  of  scientific  topics.  The  amount  of  dupli- 
cate material  contributed  to  eilucatiooal  ewtablishments,  large  and  small, 
in  various  parts  of  the  country,  and  used  in  connection  with  the  exchanges, 
has  aggregated  over  10,000  objects.  At  the  close  of  the  year  scarcely  any 
of  the  regular  educational  sets  of  duplicates  remained  on  hand,  hut  a  new 
series  of  ltN>  sets  oE  marine  invertebrates  was  in  course  of  preparation.  It 
has  also  been  pcsaible  to  grant  facilities  to  many  students  for  conducting 
investigations  along  theirspecial  lines  of  research,  anil  to  others  material 
has  been  sent  as  loans,  to  enable  them  to  carry  on  their  work  at  their  home 
laboratories. 

One  oE  the  most  noteworthy  accomplishments  of  the  year  has  been  the 
fitting  up,  under  the  direction  of  the  Secretary,  for  the  special  benefit  of 
very  young  people,  of  the  main  floor  of  the  south  toweroftlw  Smithsonian 
building,  adjacent  to  the  Bird  Hall,  which  has  Iteen  designated  the  Chil- 
dren's Koom.  The  door  is  of  marble  mosaic,  with  a  border  of  Celtic  design. 
The  walls  have  been  painted  in  several  shailes  of  green  and  paneled,  with 
a  view  of  some  time  adding  pictures  illustrating  curious  features  of  animal 
and  plant  life.  The  ceiling  is  decorate<l  with  a  trellis  and  vine,  through 
which  are  glimpses  of  sky  and  cloud,  and  of  bright-pluniaged  birds. 

The  main  exhibition  consist.1  of  strange  and  attractive  specimens  of  binls, 
mammals,  insects,  shellfish,  sponges,  corals,  minerals,  and  fossils,  and 
occupies  two  cases  surrounding  the  room  and  built  so  low  that  even  the 
smallest  child  can  examine  the  objects  on  the  upper  shelves.  In  the  cen- 
ter of  the  room  is  a  lai^e  aquarium  with  fre»h-water  fishes,  while  hanging 
from  the  ceiling  are  several  brais  cages  with  bright  colored  and  singing 
turds. 
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The  object  in  pl&nninK  thie  room  baa  been  to  excite  the  wonder  and 
curioMty  of  cbildren,  to  inspire  them  unconsciously  with  »  love  for  nature, 
and  no  feature  has  been  admitted  which  might  lend  to  defeat  this  purpose. 
No  Latin  or  technical  labels  puzzle  the  children,  but  every  object  'a 
described  in  the  plainest  language. 

Organaatum  and  glaff. — The  orgsnization  of  the  Muaeum,  as  modified  in 
1897,  coinprieee  an  ailminiMrative  office  and  the  three  ncientific  depart- 
ments of  anthropology,  biolc^y,  and  geoli^y.  Earh  department  is  in 
charge  of  a'  bead  curator  and  is  composed  of  eevei^l  divisions,  of  which 
anthropology  has  S,  biology  9,  and  geology  3,  while  there  are  also  16  mib- 
divisions  or  sections. 

Under  the  general  direction  of  the  Secretary,  who  is  the  keeper  ex  officio 
of  the  Museum,  administrative  matters  have  been  in  the  immediate  charge 
of  the  Assistant  Secretary  of  the  Smithsonian  Institution. 

At  Ihb  close  of  the  year  the  scientilir  staff  consitrted,  besides  the  3 
head  curators,  of  18  curators,  12  aasistaut  curators,  14  custodians,  10  luds, 
4  associatee,  and  2  collaborators,  making,  a  total  of  63  persous,  of  whom, 
however,  only  about  one-lialF  were  under  salary  from  the  Museum,  the  . 
remaintler  sen-ing  In  a  volunteer  or  honorary  capacity,  though  nearly  all 
of  the  latter  were  in  the  employ  of  other  bureaus  of  the  (iovemment. 

The  Museum  hassuffcreil  the  loss  of  one  of  itsmost  valued  collaborators 
in  the  death,  on  Sejitemlwr  Ifi,  IBOO,  of  Mr.  8.  B.  Koehler,  Honorary 
Curator  of  the  Section  of  Orapldc  Arts,  who  since  1887  had  rendereil  most 
important  services  in  building  up  the  extensive  print  collection.  He  was 
also  connected  with  the  Boston  Museum  of  Pine  Arts  as  curator  ol  prints. 

Dr.  W.  L.  Ralph,  custodian  of  the  Section  of  Birds'  Rftge  since  the 
death  of  Maj.  CharUw  Bendire,  has  l)een  niade  Honorary  (.^mtor  of  that 
section,  and  besitles  giving  generously  of  his  time,  he  has,  by  liberal  per- 
sonal donations,  greatly  increased  the  size  and  value  of  the  interesting 
<«llections  under  bis  charge,  Mr.  F.  A.  Lu<'aa,  curator  of  Comparative 
Anatomy,  has  been  designated  Acting  Curator  of  Vertebrate  Fossils.  Miss 
Harriet  Bichanlson  has  t>een  ma<le  B  collaborator  in  the  IKvision  of 
Marine  Invertebrates,  and  Mr.  Peter  Fireman  has  received  a  temporary 
appointment  as  chemical  geologist. 

Biiildingg. — Attention  has  l)een  directeil  in  each  succeeding  report  to  the 
crowded  condition  of  the  two  main  buildings  occupied  by  the  Museum 
collections,  and  to  the  necessity  of  ini;reafing  froTii  year  to  year  the  extent 
of  the  outside  quarters  required  for  storage  and  workshop  purposes.  Dur- 
ing the  past  year  t^ongretw  has  agiuii  l>een  calle<1  u|>on  to  provide  for  the 
rental  of  an  additional  building.  Inc<iiivenient  as  it  is  to  adniinisler  upon 
the  collections  si»t(ered  and  store<l  in  this  manner,  the  ess(-iitial  point  is 
the  danger  to  which  the  material  is  thus  Hubjecteil —material  which  can 
not  be  replaceil  and  which  constitutes  a  record  of  the  greatest  importance 
to  the  Government  archives. 

Among  the  alterations  anil  improvements  made  in  the  Museum  build- 
ing, the  most  noteworthy  has  been  the  fitting  up  of  a  new  lecture  hall  in 
accordance  with  the  provision  of  Crongress,  the  room  selected  for  the  purpose 
being  the  East  North  Range,  at  one  side  of  the  main  entrance.  The  only 
changes  ma<le  in  the  room  itself  have  been  to  sulietitute  a  terrazzo  Qoor 
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for  theold  wooden  one  and  to  paiDt  tlie  u'eIIb  and  ceiling,  which  has  been 
done  ill  very  tasteful  and  pleaaiog  colors.  The  furnishings  con^et  of  tlie 
necessary  platform,  chairs,  lant«ni,  curtain,  an<l  stand,  and  adjustable 
screens  at  the  windowa.  It  is  eipecled  that  the  facilities  thus  aiforded  will 
often  be  utilized  for  the  delivery  of  scientific  lectures  bearing  upon  the 
rich  and  varied  collections  in  the  Museum. 

Some  years  ago  anumberof  elect  riu  arc  lamps  were  temporarily  installed 
in  the  Museum  building,  the  only  attempt  that  had  been  made  up  to  tlie 
present  time  to  light  its  exhibition  halls.  The  sundry  civil  appropriation 
act  for  1001  carried  an  item  of  $3,500  for  beginning  a  permanent  instal- 
lation of  wiren  for  lighting  the  entire  building.  This  work  U  now  well 
under  way  and  will  be  completed  during  the  next  fiscal  ye-ar  under  an 
additional  appropriation  sulBcient  to  cover  the  small  wiring  and  the  pur- 
chase of  the  necessary  fixtures  an<I  lamps. 

The  roof  of  the  Museum  building,  never  entirely  satisfai^tory,  and 
showing  many  weak  jtoints  during  recent  years,  has  lH>en  repaired  and 
strengthened  to  the  extent  that  its  character  warranteil,  imder  the  advice 
of  a  competent  engineer,  and  it  is  hope<l  that  it  can  be  maiie  to  answer  for 
a  few  years  longer. 

Jt  is  noted  with  pleasure  that  the  last  of  the  wooden  floont,  with  which, 
through  motivcK  of  e<-onoiiiy,  the  Museum  wan  originally  pruvlded,  have 
finally  given  place  to  a  more  nubstantial  character  of  pavement,  tn  antic- 
ipation of  the  appropriation  made  at  the  last  session  of  Congress  for 
improving  the  lieatitig  system,  plans  have  been  prepareit  for  the  instal- 
lation of  a  pair  of  more  i>owerful  lioilers,  sufHcient  for  supplying  stuun  to 
both  buildings,  whereby  it  is  expected  to  obtain  a  more  reliablu  and 
economical  service. 

The  furniture  acquire<l  during  the  year  consisted  of  nine  exhibition  and 
45  storage  caws,  besides  578  other  [tieceit  of  furnishings, 

Addilionn  III  the  roUtrlum*. — The  new  material  received  embraces  1,470 
separate  accessions,  including  about  lAO.OOO  H|>ei.'imens.  and  a  t^nsus  of  the 
(wllections  at  the  end  of  the  year  shows  a  total  of  aliout  4,995,000  sjiecimens 
now  catalogued  in  the  Museum  liooks. 

The  Department  of  Anthrojiology  has  received  several  collections  of 
interest;  From  the  Indian  trilHW  of  the  (ireat  I'laina  and  the  Interior 
Basin  material  of  ethnological  importance  was  obtained,  i-onsisting  of 
articles  of  <lrefls,  implements,  products  of  industry,  and  weapons,  gathered 
hy  Capt.  Paul  B.  Carter,U.  S.  A.  A  series  of  ethnological  and  archieoli^- 
icsl  objects  was  collecte<l  from  the  Mission  Indians  of  southern  California 
by  Mr.  Horatio  N.  Kust,  with  the  s|>ecial  view  of  aiding  the  Museum 
ethnologists  in  distinguishing  Itetween  the  arts  and  industries  of  the  Indians 
belonging  to  the  Shoshoneau  and  Vuman  missions,  and  it  therefore 
becomes  a  type  of  southern  Califoniian  material  already  in  the  Museum. 
At>out  150  specimens  of  costume,  implenicntf,  utensils,  and  products 
of  the  primitive  manufactures  of  the  Cbilkat  In<iians  in  southeastern 
Alaska  were  secured  by  Lieut.  U.  T.  Emmons,  I'.  S.  N.,  and  they  have 
been  largely  used  in  preparing  lay  figures,  constituting  a  family  grou]i  of 
this  tribe.  To  students  of  aboriginal  American  culture  a  si*rii-.s  of  seven 
facsimile  repntductionsof  ancient  Mexican  codices,  or  lBM)ks,  prerenteil  by 
the  Due  de  I^oubat,  will  furnish  valuable  information. 
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Tlie  anthropological  department  has  likewieo  been  enrii^hm)  by  iiiatcriat 
relating  to  South  American  tribes.  Thus,  through  the  eourttey  of  Dr. 
OrvilleA.  Derby,  direi'tor  of  the  Geographii!^!  and  (T«ologii'al  Survey  of  Sa*! 
Paulu,  Brazil,  Rev.  W.  A.  Cook  <:ulle<;t«d  for  the  MuM;um  a  large  number 
of  ethnologic&l  objects  froDi  the  Bor«r«  Iniiians  of  Mato  Groeso.  Theee 
Indians  belgng  to  the  extended  South  American  Camily,  the  Tupi-Guarani, 
and  their  primitive  mode  of  life  as  well  aa  the  pictnreequenese  of  their 
feather  coetumee  and  omamenta  give  a  special  importance  to  the  collec- 
tion, coming  from  an  area  hitherto  but  meagerly  lepreeentcd  in  the 
Museum. 

Material  oE  the  same  geueral  character  was  gathered  by  Prof.  J.  B. 
Steere,  of  Ann  Arbor,  Mich,,  from  the  Pamamary  Indians  and  other  tribes 
about  the  Upper  Puma  River  in  Brazil.  The  word  "Pamamary"  signifies 
"berry  eaters,"  and  ae  Profa«or  Steere  made  a  special  study  of  these  peo- 
ple on  account  of  their  wild  habit  of  life,  the  objects  have  special  worth 
in  the  series  of  industrial  products.  These  Indiana  liave  not  been  claasi- 
fled  linguistically,  but  form  an  outstanding  group.  Through  an  exchange 
with  the  Field  Columbian  Museum  there  waa  secured  a  selection  from  the 
ethnological  material  pertaining  to  the  various  tribes  on  the  Upper  Para- 
guay River  exhibited  by  Dr.  Emil  UaBsIer  and  the  Brazilian  Commission 
at  the  World's  Columbian  Expoeition  in  1893.  These  are  chiefly  articles 
of  dreea  gorgeously  decorated  with  featheis,  the  savages  of  that  region 
being  very  fond  of  arraying  themselves  with  feathei^  of  moat  brilliant 
colors.  There  are  also  numerous  specimens  of  textiles.  The  tribes  rep- 
resented by  this  large  and  varied  collection  are  the  Apiaca  (Tupian), 
Angaytes,  Cadoca  (Guaycurian),  Cunguas,  Chamacoco  Brabos,  Chama- 
coco  Manoe,  Cordovas,  Cuximaoapanaa,  Guanas  (Arawakan),  Guaranis 
(Tupian),  Guatos  (Tapuyan),  Lenguas  (Lenguan),  Matacos  (Matacoan), 
Omiria,  Parecia  (Ajawakati),  and  Payaguaa  (Payaguan). 

Some  intereflting  ethnological  objecb  from  California,  Alaska,  Hawaii, 
and  the  Fiji  Islands  were  aecured  during  the  year,  including  various  im- 
plements and  utenails  illustrating  the  eariy  tribes  of  the  Pacific  coaat;  and 
especially  conspicuous  among  them  is  a  series  of  ubeidian  implements  of 
remarkable  size  and  execution. 

From  Miss  M.  A.  Sbnieldt,  of  Morristown,  N.  J.,  the  Museum  haw 
obtained  a  series  of  ethnological  material  from  China,  Japau,  and  K<irca, 
aaaociated  with  historical  events  In  which  her  father,  Admiral  Robert  W. 
Shufeldt,  U.  S,  N.,  played  an  important  part,  many  of  the  ..''iiei-ls  being 
of  considerable  extrinsic  value  as  well  aa  of  historical  interest. 

Among  the  objects  received  during  Che  year  from  the  Philippine  Islands 
may  be  mentioned  those  presented  by  Gen.  James  M.  Bell,  U.  S.  V., 
which  include  three  pieces  of  Bicol  armor,  a  signal  torch,  several  apears, 
bows  and  arrows,  a  war  club,  and  a  shield.  Dr.  W.  L.  Abbott,  who  for 
so  many  years  haa  enriched  the  Museum  with  the  reeulte  of  hiii  extensive 
explorations  in  the  East,  haa  now  contributed  a  large  and  vane<l  ethno- 
logical collection  from  the  Andaman  anil  Nicobar  islands,  a  particular 
interest  attaching  to  these  groups  for  the  reason  that  the  iuhabitantc, 
especially  those  of  the  Andanians,  are  among  the  most  primitive  of  man- 
kind. These  people  lielong  to  the"N'cgriloS|"  orsinall  negroids  of  south- 
eastern Asia,  and  are  allied  to  tlie  Sema:igs  of  the  Malayan  peninsula  and 
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tlie  Aeta8  of  the  I'hilippijit«.  Vr.  AbbnIt'H  <;<>ltcx'tion«  are  therefore  very 
valuable,  tiinire  they  represent  some  of  ttif  very  earl  icfltHtaneH  of  invention. 

Two  altars  in  eoinbinetl  Gothir,  K^-iiaiHBaiice,  and  Roooi-o  Btyle  from  a 
ehure))  in  Hilile«lieim,  (iemiany,  liave  been  added  to  the  seriefl  illustra- 
ting ecclefliaBtical  art,  which  it  in  hojiHl  will  be  prepared  for  exhibition 
before  very  lonjj. 

The  American  history  collections  have  been  considerably  increased 
during  the  year,  perhaps  the  most  noteworthy  additions  being  swords, 
pistols,  medals,  spurs,  and  shoulder  straps  contributed  by  Mrs.  George  W. 
Morgan  as  persona)  memorials  of  her  husband,  General  Mor^n,  who 
received  them  in  recognition  of  his  services  in  the  Mexican  and  civil  wars. 
Several  telegraph  instrumenls  and  insniators  of  historic  interest  were 
donated  by  J.  H.  Bunnell  &  Co.,  of  New  York  City,  and  one  of  the  origi- 
nal cylinders  and  other  parts  of  the  celebrated  locomotive,  the  "Stour- 
bridge Lion,"  were  presented  by  Mr.  6.  T.  Slade,  general  manager  of  the 
Erie  and  Wyoming  Valley  Railroad  Company. 

In  the  division  of  prehlsloric  archaeology  281  articles  of  flint  from  an 
ancient  Egyptian  quarry,  presented  by  Mr.  H.  W.  Seton-Karr,  of  London, 
are  of  special  interest  as  illustrative  of  the  quarrying  and  stone-shaping 
art  of  the  primitive  Egyptians,  The  specimens  consist  entirely  of  "  reject- 
age,"  or  partially  shaped  failures  and  broken  pieces  tbat  result  from  the 
manufacture  of  knives  and  other  implements  by  the  flaking  processes,  and 
closely  resemble  the  rejectage  from  American  flint  quarry  rites.  A  num- 
ber of  Babylonian  seals  and  some  inscribed  earthenware  bowls  were 
acquired  durirs;  the  year,  :nany  of  the  seals  being  rare  and  of  great  inter- 
est, while  the  inivribed  bowls  are  said  to  reveal  a  peculiar  phase  in  the 
developnient  of  religious  ideas. 

Among  the  accessions  of  prehistoric  objects  from  localities  within  the 
United  States  may  be  mentioned  as  of  special  interest  the  stone  implements 
and  otherrelics,  principally  from  Maryland,  presented  by  Mr.  J.  D.  McGuire, 
of  Ellicott  City,  Maryland,  consisting  of  more  than  7,000  specimens,  and 
peHiaps  the  nioct  imtmrtant  ci>lleclion  yet  mode  in  the  Chesapeake  region 
as  the  result  of  the  energien  of  one  person.  Also  there  was  acquireiJ  the 
Steiner  series  of  more  than  18,000  stone  implements  obtained  from  an 
ancient  village  site  on  Big  Kiokco  Creek,  Columbia  County,  Georgia,  Mr. 
Wm.  H.  Holmes,  the  hea<l  curator  of  the  Department  of  Anthropology, 
secured  nearly  .500  archaeological  specimens  fn>m  an  ancient  quarry  in 
Union  County,  Illinois,  He  describes  these  objects  as  representing  not 
only  the  rejected  materials  resulting  from  inanufacture,  including  the  vari- 
ous forms  of  uiitinislied  and  broken  implements  and  the  flakage,  but  also 
the  tools  used  in  quarrying  and  shaping,  and  in  sharpening  the  implements 
used  and  ma<ie. 

In  the  Department  of  Biology  several  divisions  report  tiie  receipt  of  ac- 
cessions equaling  or  suritassing  in  interest  and  value  those  of  the  preceding 
year.  One  of  the  most  imi>ortant  accessions  was  from  Dr.  W.  L,  Abbott, 
and  included  large  numbers  of  mammals,  birds,  reptiles,  mollusks,  insects, 
and  marine  invertebrates  froui  the  Natiina  Islands,  the  Mergtii  Archipel- 
ago, and  the  coast  of  Tringanu,  Malay  Peninsula.  The  value  of  this  mate- 
rial will  be  appreciatol  from  thi'  fact  that  as  many  as  twenty  new  species 
have  already  been  noted  among  the  mammals  alone.    The  coUectione  oi 
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Dr.  E.  A.  Meams  were  also  important,  being  largely  from  type  locslitiee 
along  the  KiaBimee  River  anil  eb>ewhere  in  Florida,  and  comprised  600 
birds  and  300  mammals,  besides  birds'  egge  and  reptiles,  and  ateo  a  fine 
eeriesoftheskulls.indskeletonsof  the  Hott-Bhelled  turtle,  Pfof^pt^fpuit/er. 
He  also  contribute  a  tteriee  of  the  mammals  oct^ning  in  Rhode  Island. 

Six  important  lots  of  marine  invertebrates  were  transferred  to  the  Museum 
by  the  United  States  Fish  Comininaion,  namely:  the  Ophiurans  of  the 
Agassiz-^^fmiw  eruise  of  1891  to  the  Galapagos  Islands  and  the  west 
coast  of  Central  AmeriiS)  the  Japanese  cmBtaeeans  (vllected  by  the  AUia- 
troM  in  1900;  the  corals  obtiuned  during  the  South  Sea  Expedition  of  the 
same  vessel  in  189^1900;  a  collection  of  craytiehes  from  West  Virginia; 
the  cruHtaceans  and  echinoderms  obtained  by  the  Princeton  University 
Arctic  Expedition  of  1H90,  anil  the  corals  gathered  in  Porlo  Rican  waters 
by  the  steamer  Pink  Havk  in  1899.  The  Pish  Commission  has  also  depos- 
ited in  the  Museum  the  types  of  tlie  new  sjieclesof  fishes  collectei)  on  this 
latter  expedition. 

A  valuable  series  of  tyiies  of  Hawaiian  Ashes  I'ollecteil  by  Dr.  ().  P.  Jen- 
kins, of  the  Leland  Stanfonl  Junior  University,  and  Mr.  T.  I.  Wood,  has 
been  contributed  by  the  former,  while  the  imiveraity  presenteil  an  inter- 
esting collection  of  Japanese  lishes. 

Oriental  xhells,  reprewnling  about  500  s)H-cieH  and  regarded  a>>  tbe  most 
interesting  addition  to  the  Division  of  Mollusks,  were  receiveil  from  Dr. 
W.  Eastlake,  uf  Tokyo,  Japan.  A  collection  of  the  shells  of  Haiti  and 
Jainuca.  embracing  over  200  species,  was  gathered  by  Mr.  J.  B.  Hender- 
son, jr.,  <if  Washington,  District  of  (.'olunihia,  and  Mr.  Charles  T.  ,'^im|)eon, 
of  the  National  Museum,  Mr.  Henderson  tRtncrously  )iayirig  the  expenses 
of  the  trip.  Some  Naiades  from  Central  ami  South  America  were  rt-ceived 
from  Dr.  H.  von  Ihering,  of  San  Paulo,  Brazil.  an<l  are  of  special  value  as 
supplying  many  deficieneiei9  in  the  Museum  collf  ctions. 

The  Museum  has  been  fortunate  in  aci|uiring  the  private  collection  of 
Mr.  Robert  Riilgway,  curator  of  the  Division  of  Binls,  representing  al>out 
1,100  s[io<'Jes  of  North  and  Central  American  birds,  many  of  them  in  the 
first  plumatcfw,  and  all  in  an  exceedingly  fine  Mate  of  jireiMirvation.  A  re]>- 
resenlative  series  of  66  binls  from  Singapore  lias  l>een  <lonate<l  by  Mr. 
C.  B.  Kioto,  and  an  excellent  collection  of  the  nest  and  «^^  of  Philippine 
birds,  acrompanieit  in  many  instances  by  s|>ecimene  uf  tiie  birds  them- 
selves, has  been  presenteil  by  Capt.  II.  C  Benson,  IT.  S.  A.  Four  Birds 
of  Paradise,  including  the  rare  }terUloph<irn  iilhfTli,  a  fjiecies  with  extraoi^ 
dinary  plumes,  were  also  secured.  Dr.  W.  L.  Ralph  has  added  to  his 
many  acts  of  generosity  by  donating  rare  birds'  eggs,  including  specimens 
of  the  egge  of  the  Evenrlaile  Kite  and  Henslow's  Sparrow. 

The  Division  of  Insects  receiveil  several  important  aivts^ions,  the  most 
noteworthy  o(  which  includes  more  than  15,000  specimens  of  European 
lepidopteia,  a  collection  which  was  once  the  property  of  the  late  Dr.  O. 
Hofmann. 

The  National  Herbarium  has  been  enriched  by  the  acquisition  of  the 
collection  of  lichens  belonging  to  the  late  Henry  II.  Willey,  of  Sew  Bed- 
ford, Massachusetts,  a  well-known  siiecialiet  in  this  group  of  i)lantt<;  also 
of  collections  of  917  plants  from  (ieorgia,  617  from  Missouri,  600  from 
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Florida,  Mid  813  fnmi  MieeiBBippi  and  Florida.  Meeere.  Williatu  Palmer 
and  J.  H.  Riley,  of  the  National  Museun),  gathered  more  than  300  plants 
in  Cuba,  while  Mettara.  C.  L-  Pollard  and  W.  H.  Maxon,  attached  to  the 
botanical  etaff  of  the  Museum,  secured  at  leaiit  1,600  epecinieru  in  Ala- 
bama, Georgia,  and  Tennessee. 

All  the  divieiona  in  the  Department  of  (ieolof^  liave  received  important 
ailditioHB,  the  Geolo^cal  Survey,  an  in  past  years,  being  one  of  the  princi- 
pal <K>ntributorB.  Among  the  material  transmitted  by  the  Survey  was  a 
type  series  of  'JS6  specimens  of  asphalt  and  aflsociated  rockn,  <-olle<-l«d  in 
various  parts  of  the  Unite<l  Stalex  by  Mr.  (i.  H.  Eldridge,  at  well  ax  some 
rocks  and  ores  from  the  Ten  Mile  District,  and  KMverton,  t^kee  Peak,  and 
Cripple  Creek  quadrangles,  Colorado. 

From  the  Geological  Kiirvey  the  following  vkhiable  collections  of  foesils 
have  also  been  received:  Three  hundretl  and  seventy-live  speciniens  of 
pre-Canibrian  invertebrate  foeailx,  including  s[)ecie8  figured  and  ilescrihed 
by  the  Bireclorof  the  Kuney,  Dr.  Charles  D.  Walcott,  in  the  Bulletin  of  the 
Ueologieal  Society  of  America;  a  iK)lle<'tion  iif  2,370  specimens  from  the 
Cambrian,  consisting  mainly  of  lirtu'lilotiodH;  'Z,i'2-'i  Ordovician  foteile  from 
southern  Nevada  and  near  El  Paito,  Texas,  and  114  Silurian  and  1,650  Devo- 
nian speciniens  from  the  Helderbcrg  anil  Oriskany  beiis  of  Indian  Terri- 
tory and  the  higher  Devonian  of  (kilonulo  and  New  Mexico.  A  portion 
of  the  material  last  invutiuned  wait  dee>.trit>ed  hy  Dr.  George  H.  Girty  in 
the  Nineteenth  Annual  Report  of  the  ISurvey.  Mention  shntdd  also  be 
made  of  the  receipt  of  large  eollet-tions  of  Cambrian  fnaiils  from  Kueaia, 
Norway,  Sweden,  Nova  Scotia,  and  Newfoundland,  obtained  for  the 
Museum  by  Dr.  Walcott  and  bis  asoistants,  Mr.  M.  Schmalensee  and  Mr. 
H.  Ward  Luper.  Mr.  Schai:hert,  of  the  National  Museum,  ma<le  extensive 
collections  of  CarlHjniferoiis,  Silurian,  and  Devi>nian  foMsils  in  New  Bruns- 
wick, the  Gasp£  region  in  (Quebec,  western  New  York,  Maryland,  and 
eastern  Pennsylvania. 

An  excellent  collection  of  i«phalopoil  niollusks  was  a«|uired  during  the 
year,  and  a  remarkably  hue  slab  of  crinoid,  IJintitcrinui  nof.iiiliii,  from  the 
Upper  Cretaceous  of  Logan  County,  Kansas,  whs  preseuleil  hy  Mr.  Frank 
Springer,  of  Lax  Vegas,  New  Mexico.  There  wait  alao  aecureii  the  Randall 
collection  conUining  upwanl  of  S.tlOO  speciniens  of  Upper  Devonian  and 
Lower  Carboniferous  fossils.  A  fairly  complete  skeleton  of  an  adult  female 
mastodon  was  exi^vated  in  Michigan  for  the  Museum.  The  skull  of  an 
Elotherium  and  other  vertebrate  foneils  from  the  Bad  LandH  of  Dakota 
were  prewnled  by  Dr.  J.  R.  Walker,  of  the  Pine  Ridge  Agency.  A  nearly 
complete,  though  [rom])osile,  skeleton  of  the  New  Zealand  Emeia  (nmmt 
was  purchase<l,  and  a  sericH  of  Moa  Imnesi  wan  ai-'iuired  by  excimnge  from 
F.  W.  Hutton,  of  New  Zealanil. 

Several  valuable  lots  of  fossil  plants  were  receivcHl  in  exchange.  Thtu>, 
the  University  of  Kansas  transmitted  150CarlHiniferoUH  and  Permian  fossil 
plants;  173  plants  (rum  the  Middle  and  Upper  Miocene  and  the  Upper 
Pliocene  of  Geniiany  were  m^iveil  from  the  Natural  Scien<«  Society  of 
the  Muaeum  Senckenberg  in  Frankfort,  and  a  Htiiall  series  <i(  fossil  plantit 
from  the  Triassic  of  York  Countv,  Pennsvlvaniu,  Has  traiiMnitted  by 
Prol.  A.  Wanner,  of  York,  Pen ii»y Ivan ia. 
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The  meteorite  collection  hafl  lieen  iiicreaBed  hy  purchase  and  through 
exchange  more  than  in  ajiy  previpiiH  year.  One  of  (he  moat  impnrtiuit 
acceHBions  wbb  a  Btony  meteorite  weighing  2,049  Krame,  whicli  fel)  at  Felix, 
Alabama,  in  May,  1900.  It  wan  collcH-ted  hy  Mr.  J.  W.  Coleman  and  trans- 
mitted to  the  Mueeuni  by  Mr.  K.  D.  Sturtevant,  of  Augustine,  Alabama. 

Important  donations  of  minerals  were  as  followH: 

A  quantity  of  Georgia  corundum  in  maasea  and  crystals,  by  the  Inter- 
national Emery  Company,  of  Chester,  Massachusetts;  a  series  of  tine  ores 
and  associated  minerals  from  Missouri,  by  Mr.  F.  W.  Crosby;  large  speci- 
mens of  mohawkite  and  doniey kite,  with  native  alver,  from  the  Wolverine 
copper  mine,  Houghton  County,  Michigan,  by  Mr.  Fred  Smith;  6  nnggeta 
of  platinum  from  Trinity  County,  California,  by  the  Welsbach  Company, 
through  its  president,  Mr.  W.  E.  Barrows;  a  Bne  large  nodule  of  priceite, 
by  Mr.  W.  C.  Lake,  of  Harbor,  Oregon,  anil  12  specimens  of  turquoise  and 
2  of  opal,  by  Mr.  H.  P.  Petersen,  ot  Washington,  District  of  Columbia. 
Among  other  additions  was  a  series  of  specimens  of  native  silver  Ind  cop- 
per from  Houghton  County,  Michigan,  and  3  samples  of  beach  gold  from 
Cape  Nome,  Alaska. 

Exploration. — Sojne  of  the  most  important  accessions  of  the  year  were 
(he  results  of  explorations  carried  on  by  members  of  the  Museum  staff 
and  by  other  scientiHc  bureaus  of  the  Government.  MeuUon  has  already 
been  made  of  several  collections  secured  in  this  manner. 

Mr.  W.  H.  Holmes,  head  curator  of  Anthropology,  accompanied  by  Dr. 
W.  A.  Phillips,  of  the  Field  Columbian  Museum,  examined  the  extensive 
flint  quarries  in  the  vicinity  of  Mill  Creek,  Union  County,  Illinois,  where 
he  obtainetl  a  lai^  number  of  implementa  and  quarry  rejects.  In  June, 
1901,  Dr.  Walter  Hough  began  investigations  in  the  Puebto  country  in 
conjunction  with  Mr.  Peter  G.  Gates,  of  Pasadena,  California,  intending 
to  continue  the  work  during  the  entire  summer,  chiefly  at  the  expense  of 
Mr.  Gates,  the  collections  to  be  divided  between  him  and  the  National 
Museum.  The  collections  made  by  Prof.  J.  B.  Steere,  of  Ann  Arlx>r, 
Michigan,  on  the  Upper  Purus  River,  in  Brazil;  by  Mr.  William  A.  Cook, 
near  the  headwaters  of  the  Paraguay  River,  and  by  Lieut.  G.  T.  Emmons, 
U.  8.  N.,  in  British  Columbia  and  Alaska,  have  already  been  referred  to. 
The  expeditions  to  the  Philippines  by  Col.  F.  F.  Hilder,  and  to  Sonora, 
Mexico,  by  Mr.  W  J  McGee.  both  of  the  Bureau  of  American  Ethnology, 
for  the  Government  board  of  the  Pan-American  Exposition,  resulted  very 
successfully,  and  the  material  obtained  will,  it  is  understood,  be  transferred 
to  the  Museum  at  the  close  of  the  exposition. 

Dr.  Roland  Steiner  continued  his  explorations  of  quarriet),  workshops, 
and  village  sites  near  Grovetown,  Georgia,  and  at  the  mouth  of  Shoulder- 
bone  Creek  and  on  Little  Kiokee  River,  where  he  procured  many  thou- 
sands of  specimens,  all  of  which  have  been  deposited  in  the  Museum. 

During  a  stay  of  four  months  in  Florida,  Dr.  E.  A.  Meams,  V.  S.  A., 
gave  his  attention  to  the  collecting  of  birds  and  mammals  for  the  Museum. 
Mammals  were  also  collecle<t  in  Italy,  Sicily,  and  southern  France  by  Mr. 
Dane  Cool idge,  and  in  the  vicinity  ot  Peter boro.  New  York,  by  Mr.  Gerrit 
S.  Miller,  jr.  Mr,  W.  H.  Ashmead  was  deified  in  the  spring  of  IMl  to 
obtain  entomological  material  in  the  Hawaiian  Islands,  in  conjunction  with 
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tin  expedition  sent  there  by  the  U.  S.  PIh)!  OommiBeion,  and  Dr.  J.  E. 
Benedict  accompanied  the  Fish  CoinraisBion  eteamer  fbh  ifairjb  tltiring  an 
exploration  of  the  Behing  banks  in  the  Quif  of  Mexico  oppoeite  Anciote 
River.  Florida.  Mr.  J.  B.  Henderson,  jr.,  of  Washington,  who  has  on 
many  fonner  occasions  manifeeted  his  interest  in  the  Museum,  made  at 
his  own  expense  a  collecting  trip  to  Haiti  and  Jamaica,  taking  with  him 
Mr.  C.  T.  Simpson,  of  the  Divieion.  of  Molluska.  Much  valuable  mollu»- 
can  material  was  obtained. 

Mcflsis.  Barton  A.  Bean  and  William  H.  King  collected  flehes  at  Key 
West,  Fla.  The  explorations  in  Cuba  for  the  Pan-American  Rxpodtion, 
begun  in  1000  by  Messrs.  Palmer  and  Riley,  also  of  the  Museum  staff, 
were  completed  eftrly  in  the  year.  Botaiiical  explorations  with  interest- 
ing results  were  conducted  in  the  Southern  States  by  Mesare.  C.  L.  Pollard 
and  W.  R.  Maxon. 

Important  accessions  tlirongh  explorationa  by  the  Geological  Survey 
have  already  been  alluded  to.  Mr.  F.  A.  Lucas,  of  the  Museum,  and  Mr. 
Alban  Stewart  visited  several  localities  where  mastodon  bones  had  been 
reported,  with  the  object  of  securing  a  skeleton  for  the  Pan-American 
Exposition.  Only  a  single  fairly  preserved  one  was  obtained,  however,  in 
a  locality  in  southern  Michigan.  Mr.  Charles  Schuchert  spent  consider- 
able timecollectingfoseilsinCanada,  also  inthe  vicinity  of  Buffalo,  N.Y.,  in 
Maryland,  and  in  eastern  Pennsylvania,  the  object  of  his  inquiries  being 
to  secure  daU  for  fixing  more  definitely  the  line  separating  the  Silurian 
and  Devonian  systems  in  America. 

Exchanget. — Much  material  had  been  received  throngh  the  exchange  of 
duplicate  specimens  with  scientific  establishments  and  individuals  both  at 
home  and  abroad.  In  view  of  the  small  amount  of  money  available  for 
purchases,  this  method  of  obtaining  collections  bas  become  of  considerable 
importance,  especially  with  reference  to  foreign  countries,  from  which 
gratuitous  contributions  are  rarely  to  be  expected  and  to  which  the  scien- 
tific explorations  of  this  Government  seldom  extend.  Transactions  of  this 
character  were  conducted  through  the  year  with  the  following  institutions 
and  individuals  abroad: 

Royal  Botanic  Gardens,  Kew,  England;  Museum  of  Natural  History, 
Paris,  France;  Mus^e  de  Bt.  Germain,  Seine-et-Oise,  France;  Zoolo^cal 
Museum,  Copenhagen,  Denmark;  Museum  Senckenberg.  Frankfort-on- 
'  the-Main,  Germany;  Koyal  Zoological  and  Anthropological-Ethnograph- 
ical Museum,  Dresden,  Germany;  Geological  Institute  of  Kiel,  Germany; 
Museum  of  Natural  History,  Berlin,  Germany;  Zoological  Museum  of  the 
University  of  Upsala,  Upsala,  Sweden;  Museum  of  the  Imperial  Academy 
of  Sciences,  St.  Petersburg,  Russia;  Royal  Geoli^ical  Museum,  Leiden, 
Holland;  Royal  Zoological  Museum,  Turin,  Italy;  Royal  Botanic  Gardens, 
Sibpur,  India;  Australian  Museum,  Sydney,  New  South  Wales;  Canterbury 
Museum,  Ohristchureh,  New  Zealand;  National  Museum,  Montevideo, 
Uruguay;  Museu  Paulista,  Sao  Paulo,  Brazil;  National  Museum,  Mexico, 
Mexico;  (ieoli^cal  Institute,  Mexico,  Mexico;  and  with  Mr.  B.  W.  Priest, 
Keepham,  England;  Mr.  W.  Kirkaldy,  Winibleiloii,  England;  Prof.  Henry 
Balfour,  Pitt  Rivers  Museum,  Oxford,  England;  Mr.  Eilward  Lovett,  Croy- 
don, Finland;  Mr.  0.  T.  Uruery,  London,  England;  Prof.  M.  Gand<^r, 
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Anas  (Rhone),  Villefraiiphc,  France;  Mr.  K.  Andre,  Gwy  (Hante-Saone). 
France;  Dr.  KranU,  Bonn,  lierniany;  Dr.  E.  ■'^chellwien,  PravinEial 
Mueeum,  Konipebei^,  Pnueia;  Dr.  Fred.  Berwerth,  Vienna,  AuAria;  Mr. 
Carl  Wohlgeiimth,  Bozen,  Tyrol,  Austria;  Prof.  W.  C.  Brogiger,  Univer- 
sity of  Christiania,  Chnetiania.  Norway;  Mr.  G.  van  Roon,  Rotterdtun, 
Holland;  Mr.  Paul  Narbel,  Cour,  l.auBanne,  Switzerland;  Dr.  T. Comabella, 
Barcelona,  Spain;  Mr.  W.  K.  Bitlingn,  Ottawa,  Canada. 

fntUiIlation. — The  crowded  condition  of  the  two  bnildiiif(s  occupied  by 
the  National  Museum  pn<venlij  any  extengive  advances  in  <'oniici'tion  with 
either  the  exhibition  or  tiie  workinti:  colte<-tion  of  speciinens.  Improve- 
ments are  constantly  l)eirig  made  in  methods  of  InHtallation,  in  labeling, 
and  in  the  substitution  of  a  Itetter  quality  ol  Bpecimens  in  the  display  cases 
whenever  such  are  rei'eived.  but  the  growth  of  the  Museum  in  <lirections 
apparent  to  the  piiblii;and  theapecialist  has  come  practically  to  a  stand- 
Hlitl.    There  is  riMtii  left  only  for  slor^e. 

One  of  the  galleries  allotte<l  to  the  Department  of  Anthropology  for 
exhibition  purposes  has  of  necessity  been  cut  off  from  the  public  and 
made  into  a  temporary  laboratory.  Conslilerable  pn^resa  has  been  made 
ill  this  department  in  the  preparation  of  case  laliels.  Some  changes  have 
been  made  in  the  sei'lion  of  Biblical  Antiquities.  The  collections  in  the 
section  of  American  history  and  certain  exhibits  in  the  division  of  Pre- 
liistoric  An-hKKilogy  liave  Ijeeii  largely  rearranged. 

TheBonth  KastRange,8S8igne<l  to  the  exhibition  of  reptiles,  amphibians, 
and  fishes,  has  been  entirely  renovateil,  a  terrazzo  Hoor  having  been  laid 
and  the  walls  and  ceiling  appropriately  |>ainted.  The  installation,  how- 
ever, is  not  yet  complete<i.  Casts  of  Ashes  now  occupy  upright  casesalong 
the  west  wall,  while  the  reptiles  and  amphibians  are  shown  in  a  series  of 
floor  cases  with  slopin)rtoj)s.  SomeSouth  American  and  Old  World  species 
in  alcohol  will  shortly  be  added.  A  small  series  of  di'ep-sea  fishes,  supple- 
mente<1  by  i-olored  flgurei,  lias  l>een  place<l  on  exhibition.  The  exhibit 
of  game  binis  in  the  entrance  hall  of  the  Smithsonian  building  Is  beii^; 
entirely  reconstnicteii,  so  as  to  illustrate,  in  groups,  the  parent  and  young 
birds  in  an  environment  characteristic  ot  their  haunts.  At  the  cicjse  of 
the  year  four  such  gron|M  had  been  finished.  Owing  to  the  imperfect 
condition  of  the  cattes  in  wliioh  the  large  regnlar  series  of  birds  is  installed, 
if  has  been  necesrary  to  employ  a  taxiilermist  continuously  in  overhauhng 
the  collection,  in  order  to  preserve  thespeciniens  (rom  deterioration.  These 
cases,  which  have  been  in  Ui^  for  about  twenty-live  years,  are  now  neither 
dust  nor  insect  proof. 

Perhaps  the  mo«t  important,  or  at  leaft  anioet  interesting  work  of  instal- 
lation completed  during  the  year,  is  the  Children's  Room,  mentione<l  on  a 
lire  V  ions  page. 

New  labels  have  lieen  prepareii  for  tlie  Ameri(sn  mammals  occupying 
the  large  wall-case  on  the  east  side  of  the  South  Hall,  and  a  si>ries  of 
enlarged  moilels,  representing  the  structure  of  featherc,  has  l>eeii  addeil  to 
the  collection  in  the  Diviwon  of  C<imparative  Anatomy. 

The  display  collections  of  the  Deiiartment  of  (ieology  were  never  in  a 
more  satisfactory  condition  than  at  present,  and,  except  in  the  Sections  of 
Paleobotany  and  Vertebrate  Paleontology,  they  are  well  arranged  and 
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labeled.  There  is  on  hand,  however,  a  very  lante  amount  of  original 
material,  as  represented  in  the  Marsh  collection  of  foeeil  vertebrates  and 
the  Ijicoe  collection  of  foeeil  plants,  whii^h  requiree  time  for  its  prepftM- 
tion,  but  from  whicli  the  exhibition  halls  will  ultimately  receive  some  of 
their  moet  novel  and  interesting  features. 

PubSealiont. — The  pulilications  imued  during  the  year  comprise  the 
second  volume  of  the  Annual  Report  of  the  Museum  for  1897,  the  Annual 
Reports  tor  1898  and  1899,  Volume  22  of  the  Proceedingx,  and  Part  1  of 
Special  Bulletin  No.  4,  besides  a  large  number  of  papers  from  the  Reporte 
and  Proceedings  printed  in  separate  form. 

Volume  II  of  the  Report  for  1897  contains  a  bioirraphical  account  of  Dr. 
G.  Brown  Goode,  the  late  Aasistant  Secretary  ol  the  Smithsonian  Insti- 
tuUon  in  charge  of  the  National  Museum,  together  with  reprints  of  several 
of  his  more  important  papers  on  museums  and  on  the  history  of  scientifiu 
progress  in  America,  and  is  illustrated  with  portraite  of  more  than  100  men 
who  have  been  prominent  in  the  scientific  advancement  of  the  country. 
The  Appendix  to  the  Report  for  1698  consiHta  of  a  single  paper  by  the  late 
Prof.  E.  D.  Cope  on  the  croeodilians,  lizards,  and  snakes  of  North  Amer- 
ica, comprising  1,100  pages  of  text,  with  37  full-page  plates  and  347  text 
figures.  The  Report  for  1809  conlaina  five  scientific  papers  leased  upon 
collections  in  the  Museum. 

Volume  22  of  the  Proceedings  includes  papers  numbered  from  1170  to 
1205,  the  Synopsis  of  the  Naiades,  by  Mr.  Charles  T.  Simpson,  being  espe- 
cially worthy  of  note. 

Part  1  of  Special  Bulletin  No.  4  is  the  first  ol  a  series  of  papers  on  the 
American  Hydrolda,  by  Mr,  C.  C  Nutting,  professor  of  zoology  in  the 
fJnivereity  of  Iowa,  and  was  iseued  early  in  the  fall.  It  treats  of  the  Plu- 
mularidse,  is  in  <juarto  form,  and  contains  34  plates. 

Dr.  W,  L.  Ralph  has  undertaken  to  continue  the  extensive  work  on  the 
Lite  Histories  of  North  Anierican  Birds,  l)egun  some  years  ago  by  the  late 
Maj.  Charles  K.  Bendire,  U.  K.  A.,  and  of  which  two  volumes  have  been 
printed  as  Special  Bulletins  Nos.  1  and  3,  and  a  circular  (No.  &0}  soliciting 
new  and  unpublished  information  on  the  subje4;t  has  been  prepared  and 
diHtribute<l  to  correspondents. 

Pan-Ayaericon  Expotiiion. — At  this  exposition,  whith  opened  at  Buffalo 
on  May  1,  and  will  continue  until  the  1st  of  November,  the  three  scien- 
tific departments  of  the  Museum  ar«  represented  by  carefully  prepared 
collections. 

The  exhibit  in  anthropology  is  intended  to  illusltate  the  native  peoples 
of  America  from  North  Greenland  to  Terra  del  Fuego.  It  c<)n8ists  "pri- 
marily  of  twelve  groups  of  lay  figures,  each  showing  the  several  members  of 
the  family  of  a  representative  tribe  engaged  in  some  characteristic  pursuit, 
and  so  arrange<l  that  in  passing  from  one  to  theolher  the  visitor  may  forni 
an  intelligent  idea  of  the  appearance,  condition,  and  culture  of  the  original 
inhabitants  of  the  continent.  There  are  also  thirteen  models  illustrating 
various  types  of  dwellings  from  the  far  North  to  the  extreme  South,  and 
thirteen  aeries  illustrating  those  activities  thatseeni  i)est  calculate*!  to  con- 
vey an  idea  of  the  culture  status  of  the  races. 

The  exhibit  made  by  the  Department  of  Biology  is  limited  to  Ametlcan 
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vertebrBle8,8n<l  incliirtefl  a  nuinberof  large  chararteriatic  American  animals, 
Buch  as  the  Kodiak  bear,  glacier  bear,  Alaskan  miKt^e,  while  sheep,  miiek 
ox,  West  Indian  seal,  the  condor,  bald  eagle,  boa  constrictur,  alligator, 
Galapagos  turtle,  variotie  lai^-  iiphe^,  etc.  Many  of  the  specimeiiB  were 
obtained  especially  for  thiepurpose,  andallareexceptionally  well  prepared. 

The  Department  of  Geology  is  represented  by  a  systematic  collection  of 
minerals,  comprising  735  specimens;  colleclioiix  illustrating  cave  deposits, 
concretionary  structures,  hot  springs  and  geyser  deposits,  siliciBed  woods, 
and  the  rocks  and  soils  of  the  Hawaiian  Islands;  a  small  case  of  native 
elements;  a  collection  of  450  specimens  iliustrating  the  development  and 
claseificatioa  of  the  (^>lialopod  inollusks,  and  a  synoptic  collection  of  cri- 
noids,  including  about  300  specimens;  a  mountwl  skeleton  o[  the  gigantic 
toothed  diver,  Heaperomie  regaVis,  from  the  Cretaceous  of  Kansas;  a  life- 
sise  reslontion  of  the  skeleton  of  the  Cretaceous  reptile,  Triceraloim pronim, 
from  the  Cretaceous  of  Wyoming,  and  a  life-size  restoration  of  Zruglodoa 
from  the  Tertiary  of  Alabama,  in  aildition  there  are  two  cases  of  bones 
of  the  mammoth  from  Indian  Territory  and  MiMsouri. 

Library. — The  additions  tu  the  library  during  the  year  numbered  1,038 
books,  2,261  pamphlets,  an<l  S,dtt8  parts  of  periodicals. 

Respectfully  submilteil. 

Richard  Ratiiuun, 

A«»uiant  Secretary. 

Mr.  8.  P,  Langlbv, 

•Secretary,  -Smilhtonian  Irtatilution. 

AuauBT  1,  1901. 
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Appendix  II. 
REPORT  OF  THE  BUREAU  OF  AMERICAN  ETHNOLOGY. 

Sib:  I  h«ve  the  honor  to  itsk  attention  h>  the  following  report  of  opera- 
tions in  the  Bnreaa  of  American  Ethnology  during  the  fiscal  year  ending 
June  30,  1901. 

These  operations  were  conducted  in  accordance  with  the  act  of  OongreH 
making  provision  "for  continuing  researches  relating  to  the  American 
Indians  under  the  direction  of  the  Smithsonian  Institution,"  approved 
June  6,  1900,  and  with  the  formal  plan  submitted  on  June  9,  1900,  and 
approved  by  the  Secretary  on  June  19,  1900, 

The  field  operations  of  the  regular  corps  extended  into  Ariiona,  Lower 
California  tMexIco),  Britieh  Columbia,  California,  Maine,  New  Mexico, 
New  York,  North  Carolina,  Ontario,  Sonera  (Me)(ko),  Virginia,  and  Wis- 
consin; while  special  work  has  been  carried  forward  by  i^nte  or  tempo- 
rary collaborators  in  several  additional  Statee,  Territories,  and  provinces. 
The  office  work  has  comprised  the  collection  and  preparatJOn  of  material 
from  most  of  the  States  and  Territories,  as  well  as  from  various  other 
parts  of  the  American  hemisphere. 

The  researches  have  been  carried  forward  in  accordance  with  an  ethnic 
syHtem  based  chiefly  on  the  work  of  the  Burean,  though  partly  on  the 
observations  and  determinations  of  other  scientific  investigalore  in  this 
and  other  countries. 

The  ethnic  eyirtem  developed  and  adopted  in  the  Bureau  is  based  pri- 
marily on  the  human  activities — i.  e.,  on  what  men  do  and  think — rather 
than  on  mere  phyaii*!  features.  Proceeding  on  this  battis,  the  habits  and 
customs  of  the  aborigines  receive  first  attention;  and  the  tribesmen  are 
classed  by  their  languages  and  dialei:ts,  by  their  forms  of  social  organiza- 
tion, by  their  systems  of  belief  and  opinion,  by  their  aria  and  industries; 
so  that  the  classification  affords  a  means  of  measuring  the  eusceptibility  of 
the  various  tril)eH  to  ci/iKzation,  to  e<iucation,  and  to  arrangement  on  res- 
ervations in  harmonious  groups.  The  classification  is  thus  essentially 
practical. 

The  practical  tribal  classification  rests  on  a  definition  of  tlie  activities 
discovered  among  (he  aborigines  and  other  peoples  largely  during  the  past 
quarter  century.  The  primary  activities  Ihus  discovered  are  esthetic;  and 
intimately  connected  with  tliette  are  the  industrial  activities  involved  in 
maintenance  and  welfare.  Equally  icnportant  are  the  social  activities 
ehapii^  the  collective  existence  of  families,  clans,  tribes,  and  confedera- 
cies; and  the  relations  are  regulated  by  linguistic  activities,  which  are 
highly  important  and  indeed  fundamental.  Coordinate  with  these  activi- 
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ties  of  arte  and  induetriM,  laws  and  lADguagee,  are  tlie  acUvitiee  connected 
with  opinion,  belief,  philoeopby — i.  e.,  the  eophic  activitiee.  On  weighing 
all  the  factoTH  it  has  been  found  that  the  most  convenient  claaaificatioQ  of 
tribes  IB  that  based  primarily  on  language,  as  explained  in  previous  reports; 
and  this  mode  of  defining  the  Indian  tril>ee,  firet  proposed  by  Gallatin  and 
adopted  by  the  Bureau  on  its  institution,  has  now  come  into  general  use. 


Throughout  the  flrat  quarter  of  the  year  the  Director  was  in  Mune, 
reviewing  observations  on  shell  mounds  and  village  aitea  in  connection 
with  the  reaearcbee  in  claadflcAtion  noted  in  other  paragraphs',  and  the 
work  was  resumed  early  in  June.  Limited  coUectionB  were  made,  though 
the  obeervatione  and  notes  on  the  namerouB  survivors  of  the  Abnaki  tndians 
proved  of  much  interest  and  value. 

An  extended  exploratory  trip  was  made  during  the  autumn  of  1900  by 
Mr.  McGee.  Early  in  October  he  proceeded  to  the  field  for  the  purpose 
of  completing  reeearchee  relating  to  the  atxirigines  of  the  Serian  stock  and 
at  the  same  time  carrying  forward  etndies  of  neighboring  tribes.  A  party 
was  organized  at  Phoenix,  Ariz.,  and  moved  soathweetward  to  Gila  Bend 
and  thence  southward  to  the  international  frontier  at  Santo  Domingo. 
Here  the  outfit  was  admitted  to  Mexican  territory  through  the  courtesy 
of  Seflor  Don  Fernando  Leal,  at  the  obliging  instance  of  Seflor  Don  Manuel 
de  Aapiroz,  the  ambassador  from  Mexico  to  the  United  States.  In  this 
vicinity  are  several  settlemenla  of  Papago  Indians,  including  some  of  the 
Arenefloe  of  early  literature  and  local  tradition,  an<l  the  opporiunilies  for 
study  were  seized.  From  Santo  Domingo  the  party  proceeded  southward 
to  Caborca  and  thence  westward  to  the  coast  of  Gulf  of  California,  where 
the  Tepoka  Indians  (collinguals  nf  the  8eri)  were  reported  to  live  so  late 
as  1H04,  subsisting  on  sea  food  and  finding  potable  water  in  the  lagoons 
and  sand  beds  at  the  embouchure  of  the  sand  wash  variously  called  Mag- 
dalena,  Santa  Ana,  Altar,  Asuncion,  and  San  Ignacio.  On  reaching  the 
coast  the  leader  was  disappointed  to  find  the  tribal  remnant  entirely  gone— 
probably  through  extinction,  possibly  through  migration  down  the  coast 
to  Seriland.  Traces  of  the  Tepoka  habitations  still  remained,  together 
with  shell  accumulations  and  minor  relics,  corroborating  the  reports  con- 
cerning the  tribe  current  at  Caborca  in  IHM;  and  the  visit  served  also  to 
clear  up  doubtful  points  connected  with  the  gec^raphy  and  history  of  the 
region.  Failing  thus  to  attain  the  primary  object  of  the  expedition,  Mr. 
McGee  determined  to  visit  the  territory  of  the  little-known  Cocopa  Indians, 
reputed  to  live  about  the  bead  of  the  gulf,  and  to  this  end  endeavored  to 
follow  the  coast  northward  to  the  mouth  of  the  Colorado.  Finding  this 
entirely  impracticahle,  he  returned  by  a  new  route  to  Santo  Domingo, 
collecting  useful  data  concerning  the  Papago  Indians  on  the  way;  and 
from  Santo  Domingo  he  proceeded  west- northwest  ward  over  the  old  Yuma 
trail  (including  a  strel4:h  of  90  miles  now  without  water)  to  Yuma,  and 
thencesouthward  to  the  Cocopa  country.  Here  valuable  collections,  notes, 
and  photographs  were  ohttuned;  and  after  some  weeks  the  party  returned 
via  Yuma  and  the  Gila  and  Salado  valleys  to  Phoenix,  disbanding  there 
on  December  20.    The  party  comprised  Mr.  W  J  McGee,  ethnologist  in 
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change,  as  leader;  Mr.  Deljuicey  Gill,  artist;  Proi.  K.  H,  Forbes,  of  the 
Territorial  University  of  Arizona  (during  part  of  the  trip);  Sefior  Aurelio 
Mata,  a  Mesican  coBtoraa  officer  sent  from  the  cuetom- house  at  Nogales  to 
facilitate  the  crossing  at  the  int«niatioiiBl  bonndary;  John  J.  Carroll,  of 
Tempe, teamster;  Jim  Moberly,  of  Tempe, packer;  HughNomB,ofTucson, 
Papago  interpreter,  and  Ramon  Zapeda,  of  Tucson,  Mexican  interpreter. 
The  Bnrean  was  placed  under  great  obligatione  for  free  entry  of  the  outfit 
to  the  Government  of  the  neighboring  Republic  through  the  officials 
already  named,  aa  well  as  through  Beflor  Don  Eduardo  J.  Audrade,  of 
Yuma,  custodian  of  the  Andrade  gnuit,  covering  the  territory  occupied  by 
the  Cocopa  Indians. 

On  August  11  Mr.  James  Mooney  proceeded  to  the  old  Cherokee  coun- 
try in  western  North  Carolina  and  adjacent  territory  for  the  purpoee  of 
collectingadditjonal  data  required  for  the  completion  of  hie  serieeof  papers 
on  the  Cherokee  Indians,  and  his  field  operations  continued  with  suocees 
until  early  December.  On  April  25  he  made  a  teconnoissance  trip  through 
eastern  North  Carolina  and  Vii^nia  for  the  purpose  of  locating  remnants 
of  aboriginal  tribes  still  surviving  in  the  wooded  and  nearly  inaccessible 
districts  of  that  region;  he  revisited  the  I^ununkey  tribe  and  discovered 
considerable  remnants,  of  the  Chickahomiay,  Mattaponi,  and  Naosemond 

On  hie  appointment  as  asBigtant  ethnologist  (September  1),  Mr.  John  R. 
Swanton  proceeded  to  British  Columbia  to  undertake  researches  among 
several  noriihwestem  tribes.  Hisworkproceededeuccesslully  upto  theend 
of  the  fiscal  year,  when  he  was  etill  in  the  field. 

On  October  1  Mr.  J,  N.  B.  Hewitt  repaired  to  the  region  occupied  by  the 
eurvivora  of  the  Iroquoian  tribes  in  northwestern  New  York  and  neighbor- 
ing portione  of  Canada,  where  he  began  the  collection  and  verification  of 
tiaditions  and  cosmogonic  legends,  and  his  work  continued  until  about  the 
middle  of  February,  when  he  returned  to  the  office  with  valuable  collec- 
tione  and  recorde. 

On  April  15  Dr.  Fnuik  Russell  was  appointed  as  ethnologist  and  was 
awigned  to  duty  in  Arizona;  he  immediately  proceeded  to  the  field  and 
bc^n  an  extended  reconnoissance  of  the  southern  and  central  portions  of 
the  Territory.  Outfitting  with  a  team  at  Tucson,  he  passed  around  the 
northern  end  of  Santa  Catalina  Mouotaine  and  up  San  Pedro  River  (visit- 
ing the  caves  and  pictographs  of  the  Santa  Catalina  range  and  the  cliff 
houses  of  the  Galinro  range  on  the  way)  to  Nugente  Pass,  where  he  entered 
Aravaipa  Valley.  Here  he  found  an  interesting  group  of  clifi  houses. 
Thence  he  procee<led,  by  way  of  Eagle  Pass,  to  Gila  Valley,  where  inter- 
esting archeolopc  observations  were  made.  Pushing  on  southward  he 
traversed  the  eastern  slopes  of  Chiricahna  Mountains  snil  tlie  western 
slopes  of  Swisehelm  Mountains,  and  examined  the  easterly  canyons  of 
Huachuca  Mountains.  Next  he  traversed  portionr  of  the  Babacomuri, 
Sonoyts,  and  San  Rafael  valleys  about  the  Mexi<an  boundary;  thence  he 
returned  by  new  routes  to  Santa  C'atalina  Mountains  and  Tucson,  arriving 
about  the  end  of  May.  In  the  course  of  the  trip  he  discovered  various 
ruins  hitherto  unknown,  some  of  new  types.  Several  of  the  roioe  were 
surveyed,  and  limited  collections  were  made.     On  June  11  he  proceeded 
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northward  from  Tticson,  rroaeing  the  Gila  near  Florence,  skirting  the  base 
o(  Superstition  MountainH,  and  travennDg  Tonto  Valley;  a  number  of 
cliff  houeee  and  other  ruins  were  diecovered,  but  the  journey  woa  not  com- 
pleted at  the  end  of  the  flwal  year. 

Id  June  an  arrangement  was  eflect«d  with  Mr.  0.  P.  Phillips  and  the 
Armat  Moving- Picture  Company,  under  which  Mr.  Phillip)!  prot^ieded  to 
New  Mexico  and  Arizona  for  the  purpose  of  making  motion  pictures  rep- 
resenting the  industries,  amusements,  and  ceremonies  of  the  Pueblo  and 
other  tribea,  it  being  anticipated  that  such  pictures  would  prove  of  especial 
service  forpurpoeesof  Immediate  research  as  well  as  for  permanent  record 
The  preliminary  reports  indicKte  that  the  work  ban  been  eucceesfully 
initiated. 

Throughout  the  fiscal  year  Dr.  Willis  E.  Everett  remained  in  Alaska, 
pursuing  his  avocation  of  mining  engineer,  but  availing  himself  of  oppor- 
tunities for  ol: serving  the  native  trilies  and  recording  their  languages  and 
other  activital  characterietice.  Several  reports  indicating  progress  In  the 
collection  ot  such  material  were  received  in  the  course  of  the  year. 

Dr.  Bobert  Stein,  who  spent  the  winter  of  1899-1900  on  Elsmereland, 
primarily  for  purposes  of  geograpbic  eiploration,  but  incidentally  to  make 
search  for  traces  of  aboriginal  occupancy  in  the  interests  of  the  Bureau, 
reported  via  Dundee,  through  the  courtesy  of  masters  of  whaling  vessels, 
late  in  the  summer  of  1900.  He  found  notracesof  Eskimo  or  other  seUle- 
ments  in  the  territory  traversed  by  him,  uomprisiDg  the  eastern  coast 
of  KIsmereland,  and  his  negative  evidence  is  of  service  in  investigations 
relating  to  the  distribution  and  mlgrBtions  of  the  Eskimo,  At  the  time 
of  the  last  report  he  was  preparing  to  croffl  Baffin  Bay  to  Upemivik,  on  the 
western  coast  of  Greenland,  with  the  expectation  of  extending  his  pre- 
vious observations  on  prehistoric  Eskimo  settlements  along  the  unexplored 

During  the  autumn  Miss  Alice  C.  Fletcher  found  it  necessary  to  revisit 
Oklahoma  for  the  purpose  of  completing  the  ritual  of  the  Pawnee  cere- 
mony, known  as  the  Hako,  of  which  the  greater  portion  was  collected 
during  the  last  fiscal  year.  In  connection  with  the  collection  of  thismate- 
rial  she  was  fortunate  in  obtaining  also  much  additional  information  touch- 
ing the  ceremonial  and  ritualistic  life  of  this  highly  interesting  and  little- 
studied  tribe: 

Office  Rbsearch. 

WORK  IN  EOTHBTOLOar. 

Inaddition  to a<lminietrative  duties  in  theofflceand  the  field  work  noted, 
Mr.  Mc(iee  eug^ed  in  researches  relating  to  the  primitive  symbolism 
found  among  the  American  aborigines  and  other  lowly  peoples.  Certain 
symbols  are  of  nearly  world-wide  distribution,  sad  extend  into  several 
stages  of  culture — e.  g.,  the  swastika,  or  fylfot,  appears  on  all  of  the  conti- 
nenta  except  Australia,  and  its  culture  range  extends  at  least  from  higher 
savagery  into  the  lower  strata  of  civilization.  Before  the  extremely  wide 
range  of  such  symbols  was  ascertained  various  inquirers  were  le<l  to  regard 
the  swastika  as  an  evidence  of  cultural  identity,  and  hence  of  the  original 
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anity  of  the  peoples  among  whom  they  were  foun<);  bnt  since  they  have 
been  obaerved  among  highly  diverse  peoples  in  different  a'afiea  of  culture 
and  on  remote  continents  this  interpretation  haa  been  modifieil  or  aban- 
doned in  large  meamre,  and  stndent^  have  set  theniselvea  to  the  task  of 
Imcing  the  development  of  the  symbola  in  particular  casea.  The  recent 
reaearrhes  have  ehown  that  the  symbols  of  quatem  character,  like  the 
ewaatika,  express  or  reflect  modes  of  thought  especially  characteristic  of 
lower  (but  not  lowest)  cultu^,  yet  extend  well  into  civilization  and  enlight- 
enment. At  the  same  time  the  researches  bring  to  light  eiich  diversities  in 
the  nature  and  applications  of  the  concepts  ex presaetl  by  thesymbolsas  to 
indicate,  if  not  demonstrate,  iinlependent  development.  Thus,  quatem 
symbols  abound  among  the  Papago  IndBns  of  Arizona  and  Sonora,  as  well 
as  among  several  neighboring  tribes,  yet  the  Papago  concept  is  distinct,  as 
shown  by  ila  extension  to  lime  as  well  as  space,  this  extension  carrying 
such  archaic  fealnresof  ritual  and  ceremony  as  to  indicate  increasing  inde- 
pendence of  the  concept  in  the  generations  traced  backward.  The  neigh- 
boring Zufli  Indians  have  a  more  highly  differentiated  concept,  e.  g.,  in 
that  their  "cult  of  the  quarters"  involves  six  directions  (7*nith  and  nadir 
in  addition  to  the  cardinal  (Xiints),  yet  the  symbol  retains  the  original 
quatem  form,  with  two  added  elements  so  placed  as  to  destroy  the  sym- 
metry of  the  figure.  These  instances  of  diversity  in  symbol,  and  still 
greater  diversity  in  meaning  of  the  symbol  (or  in  the  primary  concept), 
might  be  multiplied  almost  indefinitely;  they  merely  give  some  indication 
of  the  development  of  simple  Lbf =F  qiiatern  symbols  and  of  the  complex 
and  protean  magma  of  thought  out  of  which  they  have  been  developed  by 
simple  processes  and  in  easy  steps.  Incidentally  the  examples  marshaled 
by  Mr.  Mcfiee  i-orroborate  and  extend  the  law  of  activital  coinciilences  for- 
mulated in  an  early  report  of  the  Bureau;  but  tht' applications  of  the  rei^ent 
study  are  numerous  and  useful,  esi>ecially  in  Iheir  bearing  on  symbolism 
in  general  and  on  the  development  of  systems  of  counting.  The  results  of 
the  study  are  incorporated  in  the  Nineteenth  Report  in  the  form  of  a  brief 
paper  entitled  "Primitive  numbem." 

During  the  earlierportion  of  the  year  Dr.  FewkesarrangedfoTpublicaUon 
a  series  of  graphic  representations  of  the  personages  composing  the  Hopl 
pantheon,  together  with  full  descriptions  of  the  picturesand  a  discussion  of 
characteristic  paraphernalia  of  thepersonagesrepresenled.  The  representa- 
tions are  in  outline  and  color  and  well  illustrate  the  early  stage  in  the  devel- 
opment of  graphic  art  reached  by  the  more  advanced  among  the  aboriginal 
tribes;  hence  they  throw  strong  light  on  the  codices  and  other  pictorial 
essays  of  the  more  southerly  tribes,  especially  those  of  Mexico,  Central 
America,  and  Peru,  The  pictures  were  executed  by  a  native  artist,  who 
was  also  a  priest  in  the  hieratic  or  sacred  organization  through  which  the 
tribal  mytholt^y  is  maintained,  and  each  picture  is  a  faithful  repro<luc- 
tion  of  ancient  representations  handed  down  through  many  generations. 
The  material  has  been  assigned  for  publication  in  the  twentieth  annual 
reportj  the  original  drawings  will  be  used  as  copy  and  will  be  reproduoetl 
in  slightly  reduced  facsimile.  The  work  is  deemed  an  important  contri- 
bution to  know  le<lge  of  the  aborigines  in  several  respects.  It  illustrates 
the  motives  and  conventions  of  aboriginal  art  in  both  form  and  color;  it 
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reveals  the  r&le  of  eymboliem  in  primitive  art  with  remarkable  cleamen; 
it  illuetratea  with  eatiRfactory  completenees  the  nature  ami  8tru<;ture  of  a 
typical  barbaric  pantheon;  and  since  the  eymbols  anil  conventionfl  (and, 
indeed,  the  personages  represented)  are  of  great  constantry  in  prinuUve 
thought,  it  aitords  a  series  of  types  available  for  nse  in  identification  and 
comparison  of  a  wide  range  of  symbolic  repreeentatioDs  among  the  Pueblo 
and  other  tribes,  not  only  in  ceremonies  and  Bai'reii  paraphernalia,  hut  in 
the  decoration  of  fictile  ware,  basketry,  woven  fabriia,  etc. 

Later  in  the  year  Dr.  Fewkea  was  occupied  with  a  systematic  study  of 
the  collections  made  by  him  in  Arizona  and  New  Mexico  during  1896  and 
1897,  the  study  being  carried  forward  with  special  reference  to  the  sym- 
bolic decoration  of  the  fictile  ware.  All  syslematic  investigalors  of  the 
decorative  devices  used  by  primitive  peoples  have  been  impresseii  with 
their  constancy,  i.  e.,  with  the  exceeding  slowness  of  modification.  They 
have  also  l)een  impressed  with  the  dependence  of  the  modification  on 
external  forces  and  conditions  rather  than  on  the  spontaneous  internal 
hctor  so  prominent  in  the  art  of  a(Wani«d  cnlture.  Becogniaing  these 
characteriBtlca  of  primitive  art,  Dr.  Fewkes  undertook  to  define  the  sym- 
bolic (or  esthetic)  types  prevailing  among  the  peoples  of  Walpi,  much  as 
a  naturalist  might  define  types  of  animal  and  vegetal  life  for  theeatablish- 
ment  of  species,  genera,  and  orders,  and  for  tracing  the  lines  of  vital 
development  in  a  distinctive  environment.  Hissymbolic  types  were  based 
on  specimens  observed  among  the  tril>eBmen  or  obtained  from  sites  by 
their  ancestors  during  the  historical  period;  and  he  soon  found  that  the 
types  served  to  indicate  what  may  be  termed  a  "symbolic  province,"  i.  e., 
a  region  throughout  which  thesymboMc  devices  were  similar,  but  in  which 
they  differed  essentially  from  those  of  other  r^ons.  In  this  way  he 
definetl  an  ethnic  district  and  established  standards  for  the  guidance  of 
future  investigation  and  also  for  the  localization  of  ill-labeled  specimens 
in  museums;  for  many  c-ollectors  have  been  content  to  label  specimens  of 
symbolic  pottery,  etc.,  "Arizona,"  "Pueblo  region,"  or  by  other  large  and 
indefinite  political  or  natural  divisions,  thereby,  confusing  important  sym- 
bolic distinctions  and  ethnic  districts.  As  his  investigations  of  the  symbolic 
types  prt^ressed,  Dr.  Fewkes  became  more  deeply  impressed  than  any 
predecessor  with  the  persistence  of  molJves  and  the  regularity  of  their 
evolutional  lines;  and  he  conceived,  in  a  definite  and  constructive  way, 
the  possibility  of  tracing  prehistoric  migrations  by  means  of  the  decorative 
symbQls,  i.  e.,  of  employing  symbolic  devit-es  as  prehistoric  records,  read- 
ing from  them  the  tale  of  tribal  movements  before  the  coming  of  Coronado. 
He  conceived  the  possibility  of  coordinating  tlie  archeologic  record  as 
taught  by  symbols  with  tribal  traditions,  and  the  double  advantage  of 
mutual  verification  l>etween  tradition  and  symbolic  record.  Proceeding  in 
accordance  with  thene  ideas,  he  obtained  from  living  Hopi  traditions  of  a 
former  residence  of  their  ancestors  at  a  locality  which  they  called  Homo- 
iohi;  and  by  excavations  identified  this  site  and  verified  the  traditions, 
extending  his  knowledge  of  the  evolution  of  the  symbolic  types;  for  the 
Homolobi  collections  (now  in  the  National  Museum)  are  not  only  abun- 
dant in  decorated  ware,  but  notably  rii-h  in  symbols  susceptible  of  inter- 
pretation.   Subsequent  exploration  brought  him  to  the  site  of  a  ruin  on 
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Chevlon  Creek,  where  excavation  revealed  another  Htage  in  the  same 
general  line  of  Hymbolic  development,  which  corroborated  the  vagiie  and 
shadowy  tradition  that  Hopi  clans  once  inhabited  this  site.  He  later 
aought  a  locality  noted  in  the  vat;ueet  of  all  the  migration  legends  still 
current,  and  he  was  gratifle^l  by  finding  near  Chavez  Pasa  the  archeologic 
record  of  this  stage  in  migration  inscribed  in  symbois  related  to  the  higher 
type  from  the  more  northerly  localities.  Beyond  this  point  ruins  which 
mark  trailitional  halting  places  in  migration  were  not  located;  beyond  it 
the  ayniboiic  development  has  not  yet  been  traced;  but  there  is  good 
ground  for  anticipttting  that  when  Dr.  Fewkes  resumes  the  field  he  will 
olilain  still  earlier  records  of  the  prehistoric  movemetits  and  development 
of  this  branch  of  Pueblo  peoples  The  work  is  deemed  of  much  impor- 
tance as  a  verification  of  aboriginal  tradition,  as  a  meansof  verifying  other 
migration  legends,  and  as  a  most  promising  introduction  to  the  practical 
interpretation  of  history  unwittingly  recorded  in  graphic  symbols.  Inci- 
dentally, the  work  corroborates  the  earlier  conclusion  reached  in  the 
Bureau,  tliat  the  Pueblo  peoples  are  a  resultant  product  of  Southern  cul- 
ture Bud  Northern  blood;  yet  the  significant  details  throw  new  light  on 
the  entire  problem.  The  report  is  elaborately  illustrated  by  colored  pho- 
tographs of  the  ware  from  the  several  localities  examined;  it  was  practi- 
cally ready  for  the  press  at  the  close  of  the  fiscal  year. 


The  earlier  accounts  of  exploration  in  the  territory  occupied  by  the 
Cocopa  ludians  seemed  to  indicate  that  the  tribesmen  occupied  the  coast 
of  Gulf  of  California  and  were  of  maritime  habits;  but  in  the  course  of  the 
expedition  led  by  Mr.  Mc(iee  it  was  definitely  ascertained  that  the  folk 
are  essentially  agritnllnral  and  ivnflned,  at  least  so  far  as  habitations  are 
concerned,  to  the  interior.  The  industrial  condition  of  thelril>e  was  found 
to  l>e  of  nuich  interest.  The  tribal  habitat  comprises  the  L/iwer  Colorado 
Valley  from  the  international  Iwundary  soutliward  to  the  head  of  the  gulf, 
together  with  a  few  tributary  valleys  descending  from  the  Cocopa  Moun- 
tains on  the  west.  The  main  valley  is  broad  and  diversified  by  distribu- 
taries, or  bayous,  of  which  the  most  important  is  Hardy  River,  or  "Hardy's 
Colorado."  There  are  also  several  fairly  permanent  basins,  fille<l  by  the 
annual  fioods  and  slowly  evaporated  during  succeeding  months,  and 
the  greater  part  of  the  broad  bottom  is  swept  by  the  freshets.  Within 
the  region  lie  a  number  of  "  mud  volcanoes,"  apparently  analogous  to  the 
"mud  lumps"  of  the  tower  Mississippi,  which  have  attracted  mach 
attention  by  reason  of  their  novelty,  though  they  are  quite  subordinate 
to  the  general  features.  The  entire  district  affords  the  closest  American 
parallel  to  the  valley  of  the  Nile,  not  only  in  physical  conditions,  but  in 
the  influence  of  these  on  human  conditions.  Like  northern  Africa,  the 
general  r^ion  is  one  of  extreme  aridity,  the  rainfall  (averaging  less  than 
2  inches  yearly  during  the  last  qua  -ter  eentury  at  the  typical  station  of 
Mammoth  Tanks)  toeing  negligible;  while  the  habitable  district  is  well 
watered  by  annual  freshets  of  remarkable  regularity  in  |teriod  and  height. 
These  freshets  not  only  flood  but  fertilize  the  riparian  lowlands;  they 
control  directly  the  local  flora  and  somewhat  less  directly  the  local  fauna. 
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and  they  regulate  the  movements,  taaet  of  the  iniliutrial  habita,  many 
of  the  social  customs,  and  much  of  the  mythology  of  the  human  popu- 
lation. During  the  greater  part  of  the  year  water  is  obtainable  only 
from  the  shrunken  river,  on  whose  banke  grow  most  of  the  seed-bearing 
and  root-yielding  plants  available  as  food,  so  that  the  people  are  led  to 
occupy  the  lower  bottom  lands.  Here  the  cultivated  crop  plants  are  sown 
in  soil  soaked  by  the  flood  and  enriched  by  its  silt  deposit,  to  grow  and 
ripen  rapidly  under  the  subtropical  sun;  here  habitations  are  erected,  nat- 
urally of  light  and  temporary  character,  and  here  the  small  and  scattered 
villages  characteristic  of  the  tribe  grow  up  during  each  late  summer  and 
early  autumn.  Thechiefcropplant8arecorn(mai!!e),  beans,  peas,  squashes, 
and  melons,  and  it  is  noteworthy  that  most  of  these  represent  the  aboriginal 
plant  stocks  brought  under  cultivation  in  pre-Columbian  times.  Fishing 
and  hunting  the  abundant  waterfowl,  as  well  as  other  game,  contribute 
to  the  tribal  8uh«istence,  and  during  recent  years  part  of  the  corn,  beanu, 
and  peae  is  carrieil  on  horseback  to  Yuma,  where  it  is  Iwrtere^l  chiefly  for 
appareling.  Karly  winter  is  the  time  tor  ceremony  with  the  attendant 
feasting,  and  by  early  spring  when  the  greater  and  less  portable  part  of 
the  annual  crop  is  consumed,  the  families  prepare  for  the  annual  migration 
to  the  higher  lands,  where  they  await  the  rise  and  subsidence  of  the  ver- 
nal  flood.  On  its  passing  they  return  to  the  low  grounds,  to  rebuild  and 
plant  on  the  last  year's  farms  or  elsewhere  acinrding  hi  the  changes  wrought 
by  the  freshet  or  the  chance  of  death  and  mortuary  observance.  Naturally 
an  agriculture  depending  so  largely  on  chance  conditions  is  improvident, 
comparatively  unproductive,  and  incapable  of  sustaining  any  considerable 
or  concentrated  population,  so  that  its  tendency  ra)mbines  with  that  of 
annua]  migrations  to  slide  the  home  sense  and  to  scatter  the  members  of 
consanguineal  groups  and  thus  to  affect  the  social  organization.  The  recui^ 
rent  floods  also  affect  the  ceremonies  and  attendant  faiths  of  the  tribes- 
men in  various  ways;  e.  g.,  they  control  mortuary  observances  and  have 
undoubte<lly  led  indirectly  to  the  custom  of  burning  the  bodies  of  dece- 
dents in  and  with  their  houses,  distributing  their  projterty  to  uonrelativee, 
and  incidentally  destroying  adjacent  houses  and  other  property.  This  dis- 
persive social  factor  combines  with  that  growing  directly  out  of  the  agri- 
cultural metho<lM,  and  not  only  i»revents  the  development  of  village  life 
with  the  concomitant  institutions,  but  periK-liially  impoverishes  the  tribe. 
Thus  the  Cocopa  Indians  present  an  industrial  paradox,  for  while  they 
occupy  one  of  the  garden  spots  of  the  Western  Hemisphere,  whose  natural 
freshets  might  be  so  utilized  as  to  sustain  an  euonnous  population,  they 
subordinate  themselves  to  the  environmental  conditions  and  remain  one 
of  tlie  poorest  and  most  hopeless  of  the  American  tribes. 

During  the  earlierpartof  the  year  Dr.  Albert  E.  Jenka  (then  a  correspond- 
ent of  tlie  Bureau)  revised  his  memoir  on  The  Wild  Rice  Gatherers  of  the 
Lake  Region  (In  press  as  part  of  the  Nineteenth  Annual  Report,  as  noted 
in  the  last  report),  incorporating  some  of  the  reanlls  of  recent  researches. 
On  June  1  he  was  appointed  to  the  position  of  assistant  ethnologist  in  the 
Bureau,  and  was  assigned  to  work  related  to  his  previous  researches.  He 
at  once  took  up  the  subject  of  birch  Iwrk,  with  the  alxiriginal  industries 
depending  on  this  natural  commodity  of  a  considerable  fraction  of  the 
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North  American  coDtinent  One  of  the  most  important  products  of  the 
biruh-bark  industry  is  the  canoe;  and  this,  like  other  indoBtrial  prodDcls 
of  consequence,  exerted  a  powerful  Influence  on  the  Uvea  of  the  prodneera. 
Through  one  of  those  harmonies  of  nature  on  which  the  progress  of  man- 
kind so  lu^ly  depends,  much  of  the  birch-bearing  region  of  North 
America  (a  zone  atretching  from  Maine  to  Washington  State  and  Alaaka, 
and  extending  from  below  the  Great  I^kea  nearly  to  the  treeleaa  Aretic) 
is  also  the  region  of  late  Pleistocene  glaciatiun,  and  hence  of  glacial  lakes, 
swfunp«,  and  labyrinthine  streamsi  so  that  throughout  the  period  of  abo- 
riginal development  an  ideal  canoe  material  coesieted  with  illimitable 
functions  for  the  canoe  in  the  way  of  tiavel  and  transportation.  Under 
the  natural  combination,  joined  to  native  intelligence  and  skill,  the  lakeH 
and  streams  became  routes  of  passage,  and  by  reason  of  the  lightness  and 
strength  of  the  material,  and  the  lownesa  and  narrownesa  of  the  ice-molded 
divides,  portages  were  easy,  so  that  the  routes  passed  from  lake  to  lake, 
river  to  river,  and  drainage  eyetem  to  draiiuge  syHtem,  pracUcalty  aeroea 
the  continent.  Under  the  etimulue  of  facility  the  birch-canoe  makeis 
became  travelers  and  eiplorera;  energetic  hunters  and  tlahermen  explond 
new  waters  and  carried  tribal  knowledge  into  new  regions;  ambitions 
scions  struck  out  into  the  remoter  wilderness  to  make  coaquest.over  the 
unknown  and  often  to  establish  families  and  clans,  and  eventually  tribes, 
in  new  localities;  so  that  in  courae  of  Ume  the  peddlers  of  the  light  canoe 
carried  their  kindred,  their  dialecta,  their  faitha  over  the  greater  part  of 
the  vast  region  defined  by  the  birch  tree  and  the  glacial  waterways.  Most 
of  the  canoe  men  belong  to  the  Algonquian  stock,  most  of  the  remainder 
to  the  Athapascan  stock;  and  the  recent  researches  render  it  clear  that 
their  water  craft  was  a  leading  factor  in  determining  their  wide  distribu- 
tion, their  succeaa  in  making  conquest  of  the  continent  up  .to  the  plane  of 
aboii^nal  standards.  The  detail  results  of  the  work  are  in  preparation 
for  an  early  report 

In  tracing  the  joint  lines  of  migration  and  esthetic  development  note<l  in 
other  paragraphs  Dr.  Pewkes  became  impressed  with  the  fact  that  among 
the  ancestors  of  the  Hopi  Indians  the  esthetic  standards  were  much  more 
permanent  than  the  industrial  standards.  Throughout  the  entire  course 
retraced  by  his  researches — a  course  covering  several  distinct  treks,  alter- 
nating with  jieriods  of  stable  settlement,  the  whole  covering  some  centu- 
ries— the  symbolic  devices  inscribed  on  the  fictile  ware  remained  constant 
or  underwent  only  alight  and  easily  traceable  modifications,  while  at  each 
Buccessivesettlenient  new  materials  were  utilized  in  the  pottery  making,  the 
manufacturing  processes  and  the  final  forms  of  the  ware  being  manifestly 
adjusted  to  the  character  of  the  material.  The  discovery  that  the  indus- 
trial activities  (which  directly  meaaure  the  conjustment  of  man  and 
environment)  are  the  most  progressive  of  the  entire  series  is  not,  of  course, 
novel;  sUll  less  is  it  novel  to  learn  that  the  especially  conservative  esthetic 
concepts,  which  are  at  once  hereditory  and  prophetic,  as  shown  by  Groos, 
outlive  whole  generalions  of  contemporaneous  industrial  concepts;  yet  the 
example  is  notably  apposite  and  instructive,  largely  by  reason  of  the  free- 
dom of  the  folk  from  external  interference,  with  t)ie  consequent  simplicity 
and  integrity  of  the  record.  The  details  are  incorporsted  in  Dr.  Fewkes's 
report  on  operations  of  1896-97. 
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In  the  couree  of  hie  reconnoiBaance  of  central  and  southern  Arizona  Dr. 
Fr&nk  Rumell  gave  especial  attention  to  the  Bn-liitc«tural  features  of  the 
ruins,  and  defined  a  number  of  types,  of  which  one  or  two  are  new  to 
southwestern  archeeology.  The  work  was  still  in  pragreee  at  the  clooe  of 
the  fiscal  year. 


A  portion  of  the  year  was  employed  by  the  Director  in  reviewing  the 
abundant  data  in  the  Bureau  an-hives  relating  lo  aboriginal  inatitutionB, 
and  in  systemizing  the  principles  of  sociology  in  the  light  of  thette  data. 
One  of  the  linee  of  inquiry,  rendered  important  not  only  by  inherent 
interest  but  by  current  problems  growing  out  of  the  recent  expansion  of 
the  territory  of  the  United  Statee,  relates  to  slavery  among  the  primiti\'e 
peoples,  and  the  researehes  render  it  clear  that  the  relationships  so  desig- 
nated vary  widely  with  intellectual  plane  or  culture  grade — indeed,  the 
social  subordination  of  lower  culture  is«>  unlike  the  slavery  of  civilization 
that  the  application  of  the  same  designation  to  both  institutions  is  quite 
misleading.  In  the  slavery  of  civilization  the  slaves  are  not  only  aliens 
but  chattels,  whose  personal  ownership  is  definitely  established  and  main- 
tained through  laws  relating  to  tenure,  bequest,  conveyance,  etc.,  but  In 
savage  society,  in  which  personal  proprietary  rights  are  inchoate  or  non- 
exbtent,  in  which  the  tenure  inheres  practically  or  absolutely  in  the 
group,  in  which  bequest  is  hardly,  if  at  all,  recognized,  and  in  which 
thrift  sense  is  lacking  and  property  sense  involved  with  mythic  factors, 
such  slavery  is  simply  impossible.  True,  there  are  many  recorded  in- 
stances of  slavery  among  lower  tribea,  but  most  of  these  rest  on  casual  or 
superficial  observation,  or  on  other  testimony  slopping  short  of  inquiry 
into  the  precise  nature  of  the  relations  between  the  supposed  slaveholders 
and  the  supposed  slaves,  while  the  convenienc-e  of  the  common  tenn  for 
the  expression  of  social  inequality  has  contributed  to  mislead  recordera 
and  (still  more  seriously)  readers.  To  understand  the  so-calleii  slavery  of 
savagery  it  is  necessary  to  grasp  the  mcKJe  of  social  organization  charac- 
teristic of  that  culture  grade.  As  shown  chiefly  through  the  researches 
among  the  American  aliorigines,  such  oT^nization  is  Iwued  primarily  on 
consanguinity  (actual  or  imputed),  and  secondarily  on  afx;  and  the  rela- 
tions growing  out  o(  these  fai^tors  are  kept  constantly  in  the  mind  of  every 
member  of  each  clan  and  tribe  by  habitual  forms  of  addrens.  So  the  con- 
stituent individuals  of  a  given  clan  are  fathers  and  mothers,  sons  and 
daughters,  brothers  and  sisters,  and  the^e  relationships  are  constantly 
indicate<l  in  salutations,  and  even  in  ordinary  conversation  (the  jireciee 
relationship  to  the  speaker  Iteing  commonly  expressed  also  by  a  pronomi- 
nal element).  At  the  same  time  it  is  constantly  borne  in  mind  that  father 
and  son,  mother  and  daughter,  are  not  coordinate,  the  former  being  the 
superior  by  reason  of  greater  age;  similarly  brethren  are  classed  as  elder 
brothers  and  younger-brothers,  wiiile  the  female  kindred  of  the  same 
generation  are  classed  as  eider  sisters  and  younger  sisters,  and  the  elder 
are  always  deemed  superior,  the  younger  inferior,  in  rank.  By  simple 
and  practical  extension  of  the  system,  the  relative  ages  of  all  persons  in 
the  clan  are  kept  in  mind ;  and  since,  acconilng  to  the  universal  usage  of 
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savt^i7  (so  far  «e  kDOwn),  superior  age  confers  authority,  theie  ia  ft 
practicall}'  simple,  thougli  theoretically  complex,  re^nieotation  nuiDiiig 
through  the  entire  clan,  whereby  the  eldeiA  person  commands  all  and 
obeys  none,  while  the  youngest  person  obeys  all  and  commandB  none,  and 
each  other  person  ia  entitled  to  comman<l  and  bound  to  obey  in  the  direct 
proportion  of  relative  age.  This  regimentation  is  complicated  by  various 
factors,  such  as  adoption,  and  (especially)  what  may  be  called  promotion 
aud  demotion,  i.  e.,  advancement  in  "age"  (rank)  by  common  consent  in 
recognition  of  prowess,  etc.,  with  correlative  reduction  in  "age"  as  the 
penalty  for  cowardice,  etc.,  no  that  the  actual  age  relations  may  be  com- 
pletely lust;  yet  the  imputed  relationship  serves  practical  purposes,  and 
the  oiganizatioQ  is  maintaineil  with  unimpaired  efficiency  by  means  of 
relationship  terms.  The  same  system  is  extended  from  the  clan  to  the 
tribe,  in  which  the  several  clans  are  tanked  in  the  order  of  "age" 
(of  course  imputed),  and  eventually  to  the  tribes  united  in  confederacies; 
eo  that  at  last  the  system  reaches  every  member  of  the  tribal  confederacy 
and  each  is  entitled  to  command  or  bound  to  obey  any  other  according  to 
the  relationship  expressed  in  the  form  of  salutation  and  constantly  kept 
alive  in  conversation.  True,  uncertainties  and  differences  of  opinion  may 
arise,  espet^ially  between  the  remoter  individuals  and  groups;  commonly 
these  are  settled  by  more  or  less  prolonged  deliberation  and  discussion,  or 
"council,"  though  some  of  the  bloodiest  wars  of  Indian  history  grew  out 
of  such  misunderetandings;  yet  even  the  appeal  to  force  and  arms  but 
serves  as  a  means  of  settlement  of  the  dispute,  for  the  conquerors  thereby 
become  the  elder  and  the  conquered  the  younger  in  primitive  thought. 
So,  too,  when  stranger  tribes  meet,  both  are  constr^ned  by  universal 
tribal  law,  and  proceed  to  council  or  war,  as  the  case  may  be,  for  the  pur- 
pose of  fixing  the  relative  "age,"  with  the  consequent  right  of  command, 
and  in  some  esses  the  question  may  remain  open  for  centuries  (as  between 
the  Apache  and  the  I'apago)  and  lead  to  interminable  warfare.  Now, 
the  conquered  tribe  may  merely  retire  from  the  lield  of  dispute,  leaving 
what  both  conceive  to  lie  the  verdict  of  superhuman  potencies  beyond 
reach  of  continuous  execution;  but  if  the  contestants  are  actually  related, 
or  if  the  conquest  is  complete,  they  commonly  remain  in  association,  the 
survivors  of  the  conquered  families  being  absorbed  or  more  formally 
adopted  into  the  conquering  tribe,  anil  perhaps  distributed  among  the 
families  of  that  tribe,  whereupon  all  the  captives  beconie  subordinate  to 
each  and  all  of  the  conquerers,  to  whom  thenceforth  they  owe  obedience. 
Commonly  it  is  this  condition  of  obedience  on  the  part  of  a  certain  class 
or  group  to  the  commands  of  another  class  or  group  which  impreses 
observers  and  leads  to  the  records  of  slavery  among  primitive  folk,  though 
tlie  institution  involves  no  ownership  of  human  chattels,  no  rights  or 
duties  save  those  connected  with  a  system  of  rank  correlated  with  relative 
age,  actual  or  imputed.  The  institution  might  better  be  styled  wholesale 
adoption,  or  collective  adoption,  than  slavery.  Among  the  American 
aborigines  the  captives,  or  adoptees,  are  usually  assigned  an  "age"  corre- 
SfMinding  with  the  time  of  their  entry  into  the  tril)e,  so  that  they  are  com- 
pelled thereafter  to  obey  all  children  then  living,  and  are  entitled  to  com- 
mand all  children  subsequently  born  into  tlie  tribe,  and  there  is  thus  a 
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fixed  way  whereby  they  attain  in  time  the  rank  of  the  conqnerora.  More- 
over, the  method  of  promotion  permits  any  "slave"  (i.e., captive-junior) 
to  attain  "age"  by  the  display  of  prowew,  indiwtry,  Hkill,  generosity,  or 
other  attributes  appealing  to  the  sentiments  of  primitive  men.  Among  cer- 
tiun  other  peoples,  the  custom  of  collective  adoption  appears  to  be  eo  modi- 
fied that  the  captives  remain  juniora  not  only  to  membeti;  of  the  captor 
tribe  Ixim  anterior  to  the  captivity,  but  to  all  othern,  and  it  is  this  modi- 
fied institution  which  matures  in  actual  slavery  with  the  development  of 
property-sense;  but  even  in  this  cose  there  are  (at  least  in  the  early  stages) 
devices  tor  the  manumission  or  liberation  of,  or  the  acquisition  ol  rank  by, 
captives  (or  captive-descendants)  of  exceptional  abilities.  The  several 
primitive  customs  grade  into  the  institution  of  slavery  proper  in  ways 
which  are  of  much  interest,  but  which  need  not  now  be  followed;  it  suf- 
fices to  emphasize  the  important  distinction  between  the  captive  subordi- 
nation of  primitive  peoples  and  the  real  slavery  of  some  civilized  nations. 
In  the  course  of  his  researches  among  the  Cocopa  Indians  Mr.  McGee 
discovered  several  industrial  factors  of  dispersive  tendency,  i.  e.,  taclors 
tending  to  weaken  home  ties  and  family  bonds  and  to  scatter  the  families 
and  clans;  and  naturally  these  factors  arc  reflected  in  the  social  organiza 
tion.  The  tribe  is  now  distributed  over  an  area  of  several  thousand  mjuare 
miles,  extending  from  the  international  boundary  on  the  north  to  the  head 
of  salt  water  (of  Gulf  of  California)  on  the  south,  and  from  the  eastern 
border  of  the  Colorado  bottom  to  the  base  of  C'Ocopa  Mountains;  and  within 
this  area  are  seven  subtribes,  of  which  some,  and  perhaps  all,  are  really 
clans,  each  organized  under  a  subchief  and  all  definitely  united  under  a 
head  chief,  the  present  incumbent  of  this  office  being  a  man  of  parts,  an 
orator  of  ability,  and  a  leader  of  much  shrewdness,  commonly  known  as 
Pablo  Colorado.  Now,  naturally  (and  neceHiarily  for  the  maintenance  of 
tribal  integrity)  the  dispersive  (actors  are  counteracted  and  balanced  by 
connective  factors;  and  while  it  is  probable  that  some  of  these  remain 
uixliscovered,  a  few  others  of  no  small  significance  were  detected  by  Mr. 
McGee.  As  already  mentioned,  the  mortuary  observances  include  sacri- 
fice of  all  the  imniediatc  belongings  of  decedents,  for  immediately  after  the 
death  of  a  tribesman  his  personal  possessions— horse,  saddle,  weapons, 
implements,  apparel,  grain  and  other  food  stuffs,  bedding,  dogs,  etc. — 
become  public  and  are  distributed  among  nonrelativee  in  the  order  of 
arrival,  while  any  unclaimed  residue  is  bume<l  with  the  body  and  house. 
Several  social  consequences  attend  this  industrially  improvident  proce- 
dure. In  the  first  place,  the  largttss  is  an  incentive  to  maintaining  connec- 
tion'between  the  scattered  families  and  clans  and  to  lively  (albeit  tuorlnd) 
interest  in  the  stale  of  health  of  invalids,  thrifty  producers,  and  other 
members  of  the  tribe;  again,  the  actual  mortuary  distribution  brings 
together  scattered  tribesmen  and  their  families  and  unites  their  interests 
in  ceremonies  of  affecting  if  not  imposing  character;  and  finally  the  mate- 
rial sacrifice  commonly  leaves  <iei>enilents  (widows,  children,  and  perhaps 
agelings)  to  In:  supported  by  the  informal  public  tiounty  of  tribal  life,  or 
perhaps  lu  be  distributed  among  scattered  families  in  such  manner  as  to 
strengthen  sentiments  of  conmiunality  and  to  keep  alive  the  sense  of  com- 
munity in  intereitts.    This  factor  is  prominent  in  the  custoinH  of  the  tribe. 
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and  its  influence  is  direct  8n<l  easily  traceable.  A  less  direct  factor  oF  sim- 
ilar tendency  is  found  in  the  marital  cUHtom,  or  rather  in  the  obeervancen 
preceding  and  preparin^c  the  way  for  marriage.  The  girle'  pulierty  feast 
IB,  indeed,  one  of  the  moet  impoeing  and  widely  heralded  of  the  tribal 
cemmonies;  commonly  It  brinKB  together  representatives  of  all  the  subtribes 
or  clanBi  and  the  proceedings  are  conduct«d  with  extreme  formality  and 
dramatic  im press! veneas.  The  principal  ceremony  loBts  through  a.  night- 
followingB  day  of  preparation  and  followed  by  another  day  of  final  feast- 
ing, accompanied  by  garnets,  etc.  The  central  episode  Is  the  temporary 
burial  of  the  novitiate;  ashallow  pit  is  excavated,  and  in  this  a  fire  is  made, 
asfora  liah  bake;  after  the  earth  is  thoroughly  wanned  the  remaining  fuel 
and  coals  are  removed,  the  girl  is  placed  in  the  pit  and  buried  to  the  neck 
with  the  earth  thrown  out  in  making  the  excavation;  there  she  spends  the 
night,  and  in  the  morning  is  extricated  and  brought  before  the  afflembled 
tribesmen  as  a  woman;  and  commonly  a  match  Je  made  with  a  repre- 
sentative of  some  more  or  less  remot«  branch  of  ttie  tribe.  Through  the 
ceremony  community  of  thought  is  maintained  in  most  effective  fashion, 
and  through  the  resulting  union  family  sentiments  are  united  to  the  extent 
that  a  common  consequence  of  marriafte  is  the  breaking  of  a  new  path, 
often  many  miles  in  length,  through  the  luxurious  herbage  of  the  annually 
flooded  bottom  land.  The  format  organization  of  the  Cocopa  tribe  is  in 
large  measure  e«oteric,  so  that  it  can  be  ascertained  fully  only  after  pro- 
longed and  intimate  acquaintance  with  the  tribesmen,  but  the  preliminary 
investigation  serves  to  show  that  the  field  of  inquiry  is  one  of  promise. 

In  his  comparative  study  of  myths,  Mr.  J.  N.  B.  Hewitt  has  found 
various  references  to  social  customs  of  such  sort  as  to  indicate  clearly  cer- 
t^n  archuc  institutions  of  the  Iroquoian  Indians.  Thus  the  Onondaga 
legends  illumine  the  legislative  and  executive  customs  of  the  tribe,  and, 
while  ostensibly  giving  traditional  warrant  for  the  customs,  they  really 
picture  a  somewhat  earlier  stage  in  the  development  of  institutions  than 
that  found  by  the  Caucasian  pioneers.  In  this  tribe  all  matters  of  public 
policy,  especially  the  selection  of  chiefs  and  the  discontinuance  of  war, 
were  first  considered  by  the  elder  women  in  fairly  definite  clan  council;-. 
Their  conclusions  were  formally  communicated  to  a  male  spokesman, 
nsually  the  elder  brother  (actual  or  putative)  of  the  elder  woman,  and  by 
this  spokesman,  with  othera  of  similar  character  from  the  other  clans,  the 
opinions  of  the  mothers  were  brought  before  the  exclusively  masculine 
tribal  council  for  debate  and  final  decision.  In  thisway  the  women  sitting 
in  clan  council  constituted  the  primary  legislative  body,  while  their  broth- 
ers sitting  in  tribal  council  formed  a  senate  or  final  legislative  body  whose 
decisions  were  binding  on  the  executives  of  clans  and  tribes;  so  that  the 
social  organization  may  be  classed  as  adelphiarchal  (like  that  of  the  Sen 
Indians  described  in  earlier  reports)  in  principle,  though  largely  patri- 
archal in  detail.  As  among  the  Sen,  loo,  the  maternal  features  of  the 
legislation  were  paralleled  by  recognition  of  large  maternal  rights  in 
material  possessions — e.  g.,  throughout  the  Iroquoian  tribes  the  control  or 
nominal  ownership  of  lands  was  in  the  women  as  the  collective  and  per- 
petual mothers  of  the  tribe.  These  and  other  points  of  general  Interest 
ore  set  forth  fully  in  Mr.  Hewitt's  memoir,  which  haa  been  assigned  to 
tiie Twenty-fiist  *"""«!  Beport. 
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Throughout  a  considerable  pfut  of  tbe  year  the  Director  waa  occupied  in 
developing  and  applying  the  system  of  linguistic  claasification  foreshad- 
owed in  the  last  report  Primarily,  languages  are  devices  for  the  expres- 
sion of  thonght;  secondarily,  they  are  mechaniBms  for  shaping  thought. 
The  simplest  languages  are  emotional  and  largely  demonstrative,  comprie- 
ing  not  only  articulate  vocal  utterances,  but  inarticulate  sounds,  gestures, 
facial  expressions,  etc.,  and  these  spontaneouB  expressions  of  feeling  and 
thought  grow  into  the  four  leading  lines  of  linguistic  development.  The 
rimpleetof  these  is  gesture  language  (or  sign  language),  which  arises  largely 
in  pantomime,  but  matures  under  favomble  conditions  in  highly  complex 
systems  such  as  those  investigated  by  the  late  Colonel  Mallery  and  more 
recently  by  Maj.  H.L.Scott  (whose  studies  were  unfortunately  interrupted 
by  the  Spanish- American  war).  A  far  more  important  line  of  linguistic 
development  is  that  of  oral  speech,  aad  the  a<;tivities  of  expression  have 
been  so  long  and  so  vigorously  exercised  in  this  line  as  to  have  developed 
a  series  of  special  organs  differing  widely  in  refinement  of  function  and 
delicacy  of  structure  from  those  of  lower  animals.  By  means  of  these 
organs  the  speaking  animal,  Man,  mak««  mast«ry  of  sound,  which  is 
created  at  will  and  reduced  to  vocables,  notes,  sentences,  in  such  manner 
as  to  convey  ideas  of  the  utmost  complexity  with  hardly  perceptible  loss 
of  meaning;  and  with  the  development  of  wonis  and  sentences  lexicology 
and  grammar  arise,  while  etymology  and  Hematology  gradually  acquire 
importance.  The  third  line  of  linguistic  development  is  that  of  written 
language,  which  first  involved  manual  adaptation,  tof^ther  with  a  revolu- 
tion in  mode  of  thought,  and  afterward  involved  the  inventi<»  of  that  long 
series  of  mechanical  devices  now  forming  tbe  sign  and  measure  of  higher 
intellectuality.  The  last  line  of  linguistic  development  is  that  represented 
by  characters  expressing  quantitative  values;  it  may  be  styled  logistic  lan- 
guage. Although  base<l  primarily  on  the  rich  records  of  aboriginal  Amer- 
ican languages  preserved  in  the  archives  of  the  Bureau,  the  system  of 
linguistic  claasification  has  been  shaped  by  extended  comparisons  with  tbe 
various  languages  of  Europe  and  Asia,  together  with  some  of  those  of 
Australia,  Africa,  and  Polynesia.  The  system  has  been  freely  discuHt«d 
with  students  and  has  been  published  in  preliminary  fonn  for  the  purpose 
of  eliciting  further  suggestion  and  criticism;  it  is  expected  that  tbe  matter 
will  be  incorporated  in  full  in  an  early  report. 

In  connection  with  tbe  linguistic  classification,  the  Director  has  con- 
tinued to  study  the  recorded  languages  of  the  Mexican  and  Central  Amer- 
ican tribes,  with  a  view  to  the  classification  of  these  tribes  by  linguistic 
affinities  in  a  manner  corresponding  to  that  already  adopted  for  the  Ameri- 
can tribes  north  of  Mexico  (and  publisheii  in  the  Seventh  Annual  Report). 
In  this  work  be  had  tbe  constant  assistance  of  Dr.  Cyrus  Thomas,  whoee 
familiarity  with  the  literature  of  the  southern  districts  of  North  America 
proved  invaluable.  Before  the  end  of  tbe  year  a  preliminary  classifica- 
tion was  made  and  mapped;  but  it  is  deemed  unwise  to  submit  the  matter 
for  publication  pending  reexamination  of  various  critical  points.  It  has 
been  the  good  fortune  of  the  Bureau  to  see  the  classification  and  mapping 
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of  the  tribes  north  of  Mexico  adopted  widely,  and  it  ia  naturally  deeired 
tbat  the  continuation  of  \he  work  eouthward  ehall  be  equally  worthy  of 
acceptance. 

Dr.  Albert  S.  Gatschet  continued  the  arrai^meut  of  the  comparative 
Alftonquian  vocabulary,  and  also  carried  forward  hia  analysis  of  the  com- 
plex structure  of  the  Peoria  language.  In  both  directiona  hia  progress 
was  considerable  and  his  results  of  much  value,  not  only  as  an  aid  in  for- 
mulating the  linguistic  clasaification  above  described,  but  to  the  collabo- 
rators of  the  Bureau  and  students  generally. 

Dr.  Franz  Boas  continued  the  arrangement  of  linguistic  material  tor 
publication  at  intervals  throughout  the  year.  In  addition,  he  revised  the 
proofeof  his  memoirentitled"Kathlamet  Texts,"  submittedjust  before  the 
close  of  the  last  fiscal  year  and  transmitted  [or  publication  in  bulletin  form 
early  in  the  present  year.  By  reason  of  the  highly  technical  character  of 
the  matter,  composition  was  necessarily  slow  and  proof  reading  Uborionsi 
but  the  matter  is  now  all  in  type. 

The  Natick  Dictionary,  compiled  from  the  Eliot  Indian  Bible  by  the  late 
James  Hammond  Trumbull  (noted  in  the  last  report),  is  still  in  the 
printer's  hands,  thoi^h  nearly  ready  for  publication. 

In  connection  with  the  collection  of  Iroquoian  myths,  Mr.  Hewitt  has 
continued  recording  the  vocables  and  workingoutthegrammatlc  structure 
of  the  languages  spoken  by  several  Iroquoian  tribes.  Some  of  the  results 
of  the  work  will  appear  in  hia  memoir  on  comparative  mythology  now 
practically  ready  for  the  press;  othere  are  in  coudition  for  incorporation 
in  future  reports. 

As  already  not«d,  Mr.  John  R.  Swanton  spent  the  entire  year  in  collect- 
ing linguistic  material  in  British  Columbia.  The  languages  of  this  district 
give  promise  of  special  importance  in  their  bearing  on  questions  of  tribal 
migrations  and  intertrilMl  relations.  Mr.  Swanton  haa  not  yet  taken  up 
the  prepAration  of  his  material  for  publication. 

The  work  on  the  Diccionario  de  MotuI,  described  in  the  Isat  report,  is 
still  under  way.  A  considerable  portion  of  the  manuscript  in  Maya  and 
Spanish  was  transcribed  by  Mim  Jessie  I^.  Thomas  during  the  year,  and 
Seflor  Andonaro  Molina,  of  Merida,  Yucatan,  ia  engaged  in  furnishing  an 
English  translation  and  in  extending  the  vocabulary  through  personal 
acquaintance  with  the  Maya  tongue. 


As  indicated  by  the  contents  of  previous  reports,  the  Director  haa  for 
some  years  been  engaged  in  developing  a  eyatem  of  anthropolcg^c  claesiB- 

cation  designe<l  primarily  to  serve  aa  a  basia  [or  the  researches  in  the 
Bureau,  though  It  is  hoped  that  the  system  will  be  of  use  to  the  students 
of  the  Science  of  Man  throughout  the  world.  It  was  through  the  partial 
development  of  this  system  that  recognition  was  led  first  to  discrimination 
of  the  human  activities  and  later  to  the  definition  of  the  five  groups  of 
activities  observed  In  the  researches  and  described  in  recent  reports. 
During  the  last  five  years  severaf  of  the  grouis  or  categories  of  activities 
have  been  formulated  and  characterized  with  sonic  degree  ol  fullness.  The 
treatment  bqjau  with  the  arts,  or  esthetic  activities,  and  proceeded  to  the 
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induBtries,  or  technical  activitiee,  And  thence  to  the  inetitulJonB  expreaeing 
social  activities.  During  the  past  year  the  characterization  was  extended 
to  laaguagea,  or  the  activities  designed  for  expreeeion,  as  already  set  Cortb, 
and  toward  the  end  oF  the  year  the  last  and  most  complex  of  the  activital 
groupe,  i.  e.,  the  sophic  activities  involved  in  opinion,  together  with  myth, 
faith,  and  the  more  refined  and  ennobling  products  of  mentation,  was 
tahen  up.  Fair  prugrese  was  made  in  the  analytical  work,  and  it  is  antici- 
pated that  definite  reeulla  will  be  reported  at  an  early  day. 

During  his  Southwestern  expedition  Mr.  McGee  found  opportunity  to 
witness  certain  ceremonies  of  the  Yaki  Indians,  which  were  of  interest 
partly  because  the  tribe  has  been  little  studied,  partly  by  reason  of  the 
prominence  of  zoic  motives  in  the  vocalizaUon  and  instrumentation,  as 
well  as  in  the  gestures  and  movements  of  the  ceremonial  dance.  In  por- 
tjonaof  the  ceremony  each  actor  impersonated  an  animal.  He  wore  a  head- 
dress (not  extended  intoamask,  as  among  more  northerly  tribes)  consisting 
of  a  scalp,  with  eara,  horns,  and  other  appendages  of  the  animal  kind,  and 
leggings  abundantly  decorated  withclawsorhoofsof  the  same  animal.  He 
carried  a  rattle  or  flute,  used  to  imitate  the  voice  of  the  tutelary  or  the 
sound  of  its  movements,  while  he  imitated  its  notes  o(  alarm,  fright,  pain, 
and  pleasure  with  his  own  voice,  and  mimicked  its  corresponding  move- 
ments; yet  in  other  parts  of  the  ceremony  the  same  actors  passed  by  care- 
fully graded  stages  into  the  strictly  conventional  movements  of  a  dance 
involving  collective  action  of  considerable  complexity.  Briefly,  the  cere- 
mony seemed  to  be  characterized  by  a  remarkable  combination  of  symbolic 
and  conventional  features,  indicating  an  exceptional  range  from  the  primi- 
tive impersonation  to  the  formal  figures  and  movements  attending  moder- 
ately advanced  culture. 

Mr.  James  Mooney  continued  his  researches  relating  to  the  mythology 
of  the  Cherokee  Indians,  making  good  prioress  in  the  collection  of 
additional  material  in  the  field,  as  well  as  in  the  extension  of  compari- 
sons between  the  myths  of  the  Cherokee  and  those  of  other  tribes  and 
peoples.  The  application  of  comparative  study  to  primitive  mythlogy 
is  proving  highly  instructive  ami  useful.  In  the  infancy  of  ethnologic 
research  students  were  frequently  struck  by  the  discovery  of  activital 
parallels,  or  similarities,  among  more  or  less  remote  peoples,  and  were 
led  thereby  to  infer  previous  contact,  or  even  closer  relationship,  between 
the  peoples;  but  as  study  progressed  and  new  parallels  were  discovered, 
even  among  the  remotest  peoples  of  the  earth,  the  verity  o(  the  inference 
came  to  be  questioned,  and  finally  the  law  of  activital  coinci<lences  was 
formulated  as  a  convenient  generalization  of  the  facts  coniiecled  with 
independent  development  of  devices  produced  in  the  constant  adjust- 
ment of  the  intelligent  organisnt  to  its  environment.  At  first  the  law  of 
activital  coincidences  rested  chiefly  on  industrial  artifacts;  then  it  was 
found  to  have  equal  support  in  the  esthetic  products  of  various  peoples; 
next  it  was  found  to  have  still  Ptronger  and  more  direct  support  iu  institu- 
tions, i.  e.,  in  the  devicea  and  features  of  social  oiganization;  white  certain 
features  of  language  were  found  also  tit  indicate  the  extent  and  efficiency  of 
coincidental  interaction  between  mind  and  nature  in  shaping  the  activital 
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producte.  Hitherto  moat  ioveeti^tora  of  mythology  have  be«n  content 
with  discrete  studiee  and  exploratione,  or,  at  moet,  with  exoteric  parallele. 
Aci.'ordingly  many  of  tbem  liave  stopped  with  the  inference  of  former 
contact  or  kinship  on  which  the  etudente  of  industrial  artifacts  reeled  a 
quarter  century  ago,  i.  e.,  their  studies  were  anch  as  to  bring  out  resem- 
blancee  among  the  mythic  systems  examined,  but  not  such  as  to  detect 
and  properly  emphasize  tlie  essential  difierences.  Now,  Mr.  Mooney's 
comparisons,  although  not  exhaustive,  are  euflicientty  general  to  permit 
discrimination  of  the  exoteric  coincidences  from  esoteric  motives  in  the 
raytlis.  Accordingly  they  ciear  the  way  for  the  application  of  the  law  of 
activital  coincidences  to  primitive  mythology,  if  not  to  sophiology  in  gen- 
erel.  The  greater  part  of  the  materia)  completed  for  publication  has  been 
incorporated  in  the  memoir  on  "Myths  of  the  Cherokee,"  meotioned  in 
the  last  report 

Another  comparative  study  of  myths  fias  been  carried  forward  by  Hr. 
J.  N.  B.  Hewitt;  and  this  investigation  Is  noteworthy  in  tliat  the  compari- 
sons are  confined  to  a  limited  group  of  confederated  tribes  (of  the  Iro- 
quolan  stock)  and  In  that  the  features  compared  are  in  ex<«ptional  d^ree 
esoteric.  The  myths  were  obtained  at  first  hand  and  carefully  recorded 
and  verified  in  the  aboriginal  terminolc^y,  after  which  literal  and  free 
translations  were  ntade,  so  that  each  chapter  of  the  work  is  at  once  a 
linguistic  record  and  the  best  obtainable  version  of  the  ancient  traditions. 
Now,  it  is  noteworthy  that  most  of  the  similarities  found  thus  among  the 
several  Iroquoian  myths  are  rather  external  than  internal,  rather  superfi- 
cial than  essential,  and,  concordantly,  that  the  more  important  differences 
are  primarily  internal,  i.  e.,  more  directly  connected  with  concept  and 
motive  than  with  ritual  and  emblem.  The  voluminous  material  was  prac- 
tically ready  for  the  press  at  the  close  of  the  fiscal  year  and  has  been 
asHgned  to  the  Twentieth  Annual  Report. 

During  the  closing  months  of  the  year  Dr.  Fewkee  was  employed  in 
summarizing  his  own  observations  and  those  of  others  in  the  Pueblo 
region,  with  the  object  of  presenting  an  outline  of  Pueblo  mythology.  As 
noted  in  earlier  rejmrts,  the  Pueblo  r^ion  is  arid,  and  hence  infcrtjle  and 
harsh  as  an  environment  for  human  inhabitants,  and  the  harshness  of 
environment  is  curiously  reflected  in  highly  differentiated  beliefs  and  cere- 
monies, so  that  the  I'ueblo  region  as  a  whole  may,  perhaps,  be  regarded 
as  a  sophic  province,  i.  e.,  a  province  defined  by  a  di8tin<-tively  typical 
series  of  myths  and  faiths,  (iood  progress  was  made  in  the  work,  which 
was  not,  however,  completed  at  tlie  close  of  the  fiscal  year, 

fn  addition  to  the  inquiries  connected  with  the  clasufication  of  tiie 
languages  of  Mexico  and  Central  America,  Dr.  Cyrus  Thomas  gave  con- 
tinued attention  to  the  hieroglyphic  records  of  the  inscriptions  and  sculp- 
tures of  Yucatan  and  interior  Mexico,  materially  supplementing  and 
extending  his  paper  on  calendric  systems,  now  in  type  as  a  part  of  the 
Nineteenth  Annual  Ileport.  He  made  some  progress  also  In  the  prepara- 
tion of  a  final  memoir  on  the  codices. 

Although  seriously  handicappe<l  by  ill  heolth,  Mtb.  Matilda  Coxe  Ste- 
venson continued  the  preparation  of  her  memoir  on  the  ceremonies  and 
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myths  of  the  Zufli  ludunB.  A  portion  of  the  manuBoript  wa«  submitted 
for  editorial  revision  in  May,  aod  the  remaining  chapters  were  reported  bb 
nearing  completion  at  the  end  of  the  fiscal  year. 

Ae  noted  in  the  last  report,  an  exceedingly  Taluable  aajnisition  was 
made  through  Misa  Alice  C.  Fletcher  in  the  form  of  the  Pawnee  ritual 
known  as  the  Hako;  but  on  arranging  the  material  for  printing  certain 
breaks  were  found  which  seemed  of  such  importance  as  to  warrant  post- 
ponement of  publication  pending  further  efiorts  in  the  Geld  to  complete 
the  ritual.  Accordingly  Miae  Fletcher  revimted  Oklahoma,  and  oftern'ard 
brought  her  principal  informant  to  Washington,  where  the  record  was 
finally  completed.  The  ritual  is  remarkable  fur  extent  and  completeness, 
for  the  clear  light  which  it  throws  on  archaic  customH  and  beliefs,  and  for 
the  systematic  and  harmonious  development  of  the  musical  and  terpsieho- 
rean  features.  The  original  record  was  obtained  by  aid  of  the  grapho- 
phone,  and  this  record  was  thea  written  in  words  and  musical  notation, 
and  afterward  verified  by  rejtetition.  On  the  whole  the  ritual  is  one  of  the 
most  complete  ever  acquired  by  the  Bureau,  and  is  in  every  way  worthy 
to  be  regarded  as  a  type  of  aboriginal  ritualistic  production.  The  final 
arrangement  of  the  material  was  nearly  complete  at  the  close  of  the 
fiscal  year,  when  tbe  work  was  interrupted  by  Miss  Fletcher's  temporary 
absence  from  the  city. 

DKBCRIPTIVE   ETH-SOLOOY. 

Ehiring  the  earlier  portion  of  the  year  Mr.  F.  W.  Hodge  continued  the 
preparation  of  the  Cyclopedia  of  Native  Tribes  in  connei^tion  with  edi- 
torial work,  his  progress  in  both  lines  being  highly  satisfactory.  On 
January  31  he  resigned  his  connection  with  the  Bureau  to  accept  a  posi- 
tion in  the  oflice  of  the  Secretary.  The  Cyclopedia  material  was  then 
turned  over  to  Mr.  Mooney,  who  has  made  some  progress  in  preparing  it 
for  publication. 

During  the  earlier  months  of  the  year  Col.  F.  F.  Hilder  was,  by  tem- 
porary transfer,  engaged  in  making  collections  in  the  Philippine  Itilanda 
under  the  auspices  of  the  Government  Board  of  the  Pan-American  Expo- 
sition. After  his  return  he  resumeil  his  duties  as  ethnologic  translator 
and  continued  the  transcription,  translation,  and  annotation  of  an  early 
Jesuit  manuscript  history  of  Texas,  obtaine<l  throngh  the  instrumentality 
of  the  Bureau,  but  now  preserved  in  the  Library  of  t^mgress.  The  sketch 
was  found  rich  in  important  ethnologic  data,  and  the  anonymous  author 
was  identified  by  Colonel  Hilder,  tbniugh  collateral  Information,  as  I^dre 
Morfi.  The  work  was  nearly  completed  when  hn>ught  to  a  premature 
end  by  the  sudden  death  of  Colonel  Hilder  on  January  21. 

COLLBCTIONS. 

As  usual,  tbe  several  collaborators  engagcti  infield  operations  made  more 
or  less  extensive  collections  for  purposes  of  study  and  for  ultimate  transfer 
to  the  U.  8.  National  Museum.  The  largest  collection  of  the  sort  was 
made  by  Mr.  McGee  among  the  Cocopa  Indians.  It  comprised  domestic 
utensils  of  wood,  stone,  and  clay;  several  liows  with  arrows;  war  weap- 
ons; complete  suits  of  women's  apparel;  cradles;  decorative  and  symbolic 
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objects  of  shell  and  bone;  flutes,  rattles,  etc.,  tt^etber  with  tbe  ebief  v^- 
etal  food  products  used  by  the  tribe,  the  collection  beii%  sufflciently 
complete  to  permit  the  construction  of  one  or  more  life-size  (iroupa.  The 
moat  elaborate  war  weapon  is  of  iotereet  in  ttutt  it  ia  designed  to  serve  at 
once  as  standard  and  spear  sJid  in  that  the  sharpened  point  for  the  latter 
use  is  at  the  inner  end  of  the  shaft,  so  that  the  weapon  illustrates  tbe  cen- 
tripetal movement  of  loweet  culture  rather  than  the  centrifogal  arm 
movement  characteristic  of  advanced  culture.  Smaller  collections  were 
made  by  Mr.  Mooney  among  the  Cherokee  Indians,  by  Mr.  Hewitt  among 
the  Iroquoian  Indians  of  Otnada,  and  by  Dr.  Russell  in  Arizona.  A  num- 
ber of  collections  were  obtained  also  hy  purchase  under  the  more  imme- 
diate direction  of  the  Secretary.  Among  these  may  be  mentioned  tbe 
Steiner  collection  of  stone  implements  from  Georgia,  which  comprises  a 
large  number  of  typeo  and  of  which  a  portion  was  obtained  during  the 
last  fiscal  year.  Another  collection  of  special  note  was  obtained  from  Maj. 
H.  N.  Rnst,  of  Pasadena,  Oal.  It  comprises  several  types  and  numerous 
examplcH  representing  tlie  stone  artifacts  of  souChem  ('alifomia.  Advan- 
tage was  tftken  also  of  the  opportunity  to  acquire  a  number  of  the  remark- 
ably faithful  Indian  portraits  exei-uted  by  Mr.  J.  H.  Sharp,  of  Cincinnati. 
A  particularly  instructive  collection  of  obsidian  blades  (including  the 
largest  known  specimen)  was  also  ohtainejl  during  the  year  through  Mr. 
Nathan  Joseph,  of  San  Francisco,  while  a  few  particularly  fine  pieces  of 
aboriginal  Alaskan  workmanship  were  obtained  from  Lieut.  G.  T. 
Emmons.  A  small  collection  of  basketry  produced  by  the  renegade 
Apache  at  Palomas  was  picked  up  by  Mr.  McGee,  together  with  several 
pieces  of  t^ma  basketry  made  near  Maricopa.  A  small  but  noteworthy 
object  obtained  was  an  authenticated  Sitting  Bull  belt  of  beaded  elk  skin; 
and  half  a  dozen  small  collections  of  stone  implements  and  weapons  were 
sectired. 


The  property  of  the  Bureau  is  practically  limited  to  (1)  office  furniture 
and  apparatus,  (2)  ethnologic  manuscripts  and  other  original  reoirds, 
(3)  photographs  and  drawings  of  Indian  suhjects,  (4)  a  working  library, 

(5)  collections  held  temporarily  by  collaborators  for  use  in  research,  an<l 

(6)  undistributed  residue  of  the  editions  of  the  Bureau  publications.  Tbe 
Sscal  year  witnesse<l  little  change  in  tbe  amount  or  value  of  the  office 
property.  The  accumulation  of  manuscripts  and  other  records  of  original 
work  progresseil  steadily;  about  a,  thousanil  photographic  negativeit, 
together  with  several  hundre<l  prints  and  a  number  of  drawings,  were 
added  to  the  collection  of  illustrative  material.  The  library  maintained 
normal  growtli  chieHy  through  exchange,  and  the  number  of  back 
reports  was  consiiierably  reduced  through  tbe  constantly  increasing  public 
demand  for  ethnoli^ic  literature.  Mr.  J.  Julius  Lund  continued  in  chai^ 
of  tbe  property  as  custodian. 


Mr.  F.  W.  Hodge  continued  in  charge  of  the  editorial  work  until  his 
resignation  took  effect,  as  already  noted,  after  which  thiw  work  was  con- 
ducted hy  Mr.  H.  H.  Wood.     Tbe  Brat  |>art  of  the  seventeenth  report  and 
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the  Drat  part  of  the  eiKliteenth  report  were  received  froru  the  Government 
Printing  Offir«  durinff  th«  year,  an<1  these,  with  the  second  part  of  the 
seventeenth  report,  have  been  distributed.  1  he  second  part  of  the  eight- 
eenth report  was  not  delivered  up  to  the  end  of  June,  while  neither  of 
the  two  bulletins  of  the  new  series  wae  quite  complete;  and  the  nineteenth 
report,  tliough  nearly  all  in  type,  was  not  yet  ready  for  the  bindery  at  the 
cloee  of  the  year. 

Mr.  Deldncey  Gill  remained  in  charge  of  theilluetrative  work,  preparing 
copy  forand  revising  proofs  of  the  numerous  illustrations  for  the  eighteenth 
and  nineteenth  reports.  He  also  made  photo-portraitB  of  some  two  hun- 
dred Indians,  chiefly  members  of  delegations  visiting  Washington  in  the 
interest  of  their  tri)>eH,  and  developed  a  considerable  number  of  ne^tives 
made  by  the  several  cullaboratore  in  the  field. 


On  January  21,  1901,  the  Bureau  suffered  a  grievous  loss  in  the  death  of 
Col,  F.  F.  Hilder,  ethnolc^ic  translator.  Colonel  Hilder  was  a  stwlent  of 
ability  and  remarkably  broad  experience,  and  although  his  formal  con- 
nection with  the  Bureau  began  only  on  July  1,  1898,  he  had  maile  htmsell 
a  place  among  the  most  valued  and  trusted  members  of  the  corps.  A  more 
extended  account  of  his  career  will  be  transmitted  later. 
1  have  the  honor  to  be,  yours,  with  respect, 

W  J  McGbb, 
Acting  Director 
Mr.  e.  P.  Lanolby. 

Secretary,  Smithsoiiiim  liittiiution. 
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1901. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  opera- 
tions of  the  Intemationul  Excbange  Service  for  the  year  ending  June  30, 
1901; 

The  equipmi>nt  of  the  five  rooms  in  the  south  baaement  of  the  Bmith- 
aonian  building,  which  have  been  used  exclusively  by  the  International 
Eichanfi^  Service  during  the  last  eight  years,  consists  of  such  furniture 
and  appliances  as  are  necessary  to  the  work,  chiefly  among  which  are  tiers 
of  upright  bins  opening  in  front  and  occupying  nearly  all  the  wall  space  of 
two  rooms,  into  which  packets  of  publications  for  distribution  abroad  are 
temporarily  placed  until  a  sufficient  quantity  has  accumulated  to  constitute 
a  shipment  to  the  respective  distributing  bureau  of  each  country. 

Much  space  ia  required  for  get^raphically  arranging  and  for  recording 
parcels,  for  which  purpose  several  large  counters  are  arranged  in  the  center 
of  each  of  three  of  the  rooms  which  are  devoted  to  this  part  of  the  work. 

There  are  also  caseu  containing  indexes  and  acknowledgments  and  a 
card  record  of  all  packages  sent  to  and  received  from  each  correspondent, 
correspondence  files,  library  shelves  for  current  directories  of  the  principal 
dties  of  the  world,  desks,  copying  presses,  typewriting  machines,  etc. 

The  property  acquired  during  the  year  consisted  principally  of  boxes, 
packing  materials,  stationery,  and  other  necessary  supplies,  costing  in  the 
Bf^regate  12,339.53. 

The  rooms  ass^ed  to  the  Exchange  Service  have  for  a  long  time  been 
inadequate  to  the  increasing  demands,  but  no  additional  space  was  avail- 
able until  the  recent  changes  in  the  heating  plant  of  the  Institution  made 
it  possible  to  add  360  square  feet  to  the  shipping  department.  This  alteration 
made  it  necesiury  to  change  the  brick  walls,  construct  an  area  window, 
lay  new  flooring,  and  baild  additional  bins.  These  expenses  and  those 
incurred  on  account  of  laying  new  floors  in  the  entire  suite  of  exchange 
offices  during  the  early  part  of  the  present  fiscal  year  were  borne  by  the 
Smithsonian  Institution,  and  no  part  of  them  were  paid  From  theConarres- 
sional  appropriation  for  support  of  the  International  Exchanges, 

Considering  the  fact  that  almost  every  fast  steamer  leaving  Sew  York 
for  foreign  ports  lakes  a  consignment  of  international  exchanges  from  the 
Smithsonian  Institution,  it  is  not  surprising  that  there  should  be  sonie 
losses  every  year.  During  the  last  twelve  months,  however,  there  has 
been  but  one  instance  of  either  loss  or  damage,  and  the  year's  record  is 
therefore  one  of  the  best  in  this  regard. 
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The  event  above  mentioDed  owarred  in  February  la«t,  when  two  cawb 
:  exchangee  destinpil  for  eorrmpondents  in  New  South  Wales  were  dam- 
ejed  by  Bre  and  water  in  the  hold  of  tlie  eteamsbip 
Clufario  while  loadingat  her  pier  in  Brooklyn,  N.  Y. 
Tbe  canto  was  subHequently  discharged  and  the  two 
casee  returned  to  the  Institution,  but  upon  exami- 
nation their  contents  were  found  to  be  unfit  for  use, 
and  the  United  States  Government  publications 
were  sent  to  the  Superintendent  of  Documents  to 
be  rebound,  and  duplicates  were  mibetituted.  The 
contributors  of  the  mist^llaneous  scientific  publica- 
tions were  each  notified  of  the  facts,  as  is  customary 
ID  such  instances,  and  were  asked  to  supply  dupli- 
cates.   In  almost  every  instance  they  complied. 

The  operations  of  the  Exchange  Service  during 
the  year  are  graphically  shown  in  the  accompanying 
statistical  tables.  They  show  a  marked  increase 
over  the  transmissions  of  the  preceding  year. 

The  number  of  correspondents  in  the  United 
States  has  been  increased  during  the  year  by  428  and 
those  in  other  countries  by  1,326.  The  total  num- 
ber of  correspondents  in  the  United  State:s  is  now 
8,149  and  in  all  the  rest  of  tbe  world  27,566,  or  a 
grand  total  of  35,705,  tlie  number  of  countries  par- 
ticipating being  148. 

During  the  year  121,000  pack^^  of  publications, 
weighing  414,277  pounds,  were  received  for  transmis- 
sion, being  an  increase  over  the  previous  year  of 
7,497  parcels  and  4,286  pounds  in  weight. 

The  sum  of  (24,000  was  appropriated  by  Congress 
tor  the  support  o(  the  International  Exchangee, 
t)eing  the  same  as  appropriated  for  the  preceding 
year.  A  special  effort  is  continually  being  niade  to 
improve  the  transportation  facilities,  and  last  mail 
steamers  are  selected  to  carry  exclianges  to  all  paHs 

I  of  the  world  when   practicable.    An  unavoidable 
delay  is  always  encountered  when  discharging  the 
cargoes  of  vessels,  and  freight  is  often  detained  for 
LI several  days  at  the  ports  of  debarkation,  owing  Ui 

Diagram    IlliiBtratlng     the  confusion    and   inadequate   terminal   facilities. 
^^SJ"oC^u^ir'*an:     This  difficulty  has  been  overcome  to  some  extent 

..k„.  ...^  .„  . 1.      |jy  forwarding  small  consignmenla  of  exchanges  by 

express  instead  of  by  freight,  thus  receiving  more 
prompt  attention. 

Mr.  John  C.  Williams,  deputy  collector  of  the  port 
of  New  York,  was  designated  on  January  30,  1000, 
to  represent  the  Institution  in  the  matter  of  clearing 
exchanges  received  from  abroad,  vice  Mr.  John 
Quackenbuah,  deputy  collector,  who  ai^ked  lo  be  relieved  on  account  of 
advancing  years  an<l  increased  ofiicial  duties.    The  efficiency  and  prompt- 
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neas  with  which  Mr.  WilliamB  has  Bince  performed  these  dutiee  are  highly 
mtisfaclory,  and  liia  valuable  services  are  much  appreciated  by  the 
Exchange  Service  and  its  correspondents. 

Although  the  universal  syetem  of  exchanges  is  now  supported  in  many 
coontriee  by  official  recognition  and  Government  aid,  there  are  some  which 
have  not  yet  established  official  bureaus  for  the  purpose,  among  the  most 
important  of  which  are  Ureat  Britain,  Germany,  and  Austria-Hungary. 
The  free  interchange  of  publications  between  the  Cnittd  States  and  each 
of  these  countries  is  considered  so  important  that  the  Institution  lias  for 
many  years  provided  for  the  entire  expense  of  conducting  exchange  rela- 
tions with  each,  even  to  employing  salaried  agents  for  the  purpose.  Messrs. 
William  Wesley  4  Son,  in  Ijjndon,  J>r.  Felix  Flugel,  in  Leipsic,  and  Dr. 
Joseph  von  Kortisy,  in  Budapest,  Hungary,  represent  the  Institution  in  the 
matter  of  exchanges  lietween  this  and  their  respective  countries.  While 
the  entire  burden  of  expense  for  this  service  has  been  upon  the  Institution 
for  nearly  Hfty  years,  the  good  to  the  scientific  world  would  fterhapsseem 
an  ample  reward,  but  it  is  feared  that  the  time  is  not  far  distant  when  an 
equitable  division  of  the  expenses  must  of  necessity  bo  insisted  upon. 

The  services  of  many  professional  men  and  of  many  educational  institu- 
tions throughout  the  world  which  have  been  cheerfully  and  gratuitously 
given  in  aid  of  the  service  are  much  appreciated,  and  while  it  is  not  possi- 
ble to  mention  each  name  in  this  limited  Bpa<»,  it  is  hopod  that  they  will 
consider  this  expression  of  appreciation  as  particularly  applicable  to  them. 

The  war  in  South  Africa  has  necessitated  the  discontinuance  of  sending 
to  Pr«toria  the  official  publications  of  this  Government,  hut  the  recent 
issues  are  held  in  reserve  by  the  Institution  until  such  time  as  they  may 
be  safely  forwarded. 

Arrangements  for  distributing  contributions  for  miscellaneous  corre- 
spondents in  Japan  are  still  incomplete,  and,  acting  under  instructions 
received  through  the  Japanese  minister  to  tbis  capital  in  C)ctober,  1806, 
only  such  exchanges  as  are  destined  for  governmental  institutions  and 
individuals  officially  connected  therewith  are  accepted  for  transmission. 

As  yet  no  action  has  been  taken  in  China,  as  far  as  known  to  the  Smith- 
sonian Institution,  with  a  view  to  establishing  an  exchange  bureau,  and 
at  present  only  such  parcels  as  are  addressed  to  the  imperial  customs 
service  and  to  correspondents  in  Shanghai  are  accepted.  The«e  are  again, 
after  a  temporary  interruption,  distributed  by  the  Zi-Ka-Wei  Observatory 
at  Shanghai. 

Siu(%  the  Bihlioteca  Nacional  at  Quito,  Ecuador,  consented  to  act  in  the 
capacity  of  exchange  distributing  agent  in  January,  19O0,  eight  cases  of. 
exchanges  have  lieen  sent  by  the  Institution  to  the  port  of  Guayaquil,  but 
no  exchanges  have  as  yet  been  receiveil  from  Ecuador  except  by  post- 
This  absence  of  rei-iprocal  benefit  is  perhaps  due  to  the  difficulty  of  trans- 
portation between  Guayaquil  and  Quito,  which  it  is  hoped  will  be  over- 
While  in  Europe  unofficially  during  the  month  of  July,  1900,  Mr.  F.  V, 
Berry  was  instructed  to  investigate  the  transportation  of  exchangee  to  the 
United  Stales,  and  the  terminal  facilities  in  London,  with  a  view  to  both 
the  expediting  of  consignments  and,  if  posiible,  the  reduction  of  expenses. 
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Mr.  Berry's  report  showed  conclusively  that  the  methods  emploTed  in 
transporting  eitchanges  between  London  and  New  York  could  not  be 
improved  upon,  and  that  any  attempt  to  hasten  the  distribution  of  parrele 
throughout  Great  Britain  would  greatly  increase  the  expense  beyond  the 
limit  that  the  institution  was  able  to  allot  to  this  branch  of  the  sendee. 

Mr.  W,  Irving  Adams,  chief  clerk  of  the  International  Exchange  Serv- 
ice, was  inatructed  by  the  Secretary  to  visit  Italy,  Switierland,  Austria- 
Hiuigary,  and  such  other  countries  in  Europe  as  he  might  deem  expedient, 
with  a  view  to  the  general  improvement  of  the  service  at  large,  and 
through  personal  contact  to  establish  more  intimate  relations,  if  sucli  were 
possible,  with  the  several  exchange  bureaus  and  agencies  in  those  countries. 
Mr.  Adams  sailed  froni  New  York  on  May  15,  with  the  ex)iectation  of 
being  absent  about  three  monthp.  His  report,  although  covering  a  part  of 
the  next  fiscal  year,  is  here  given: 

OcroBBH  9,  1901. 

"Sir:  In  accordance  with  your  instructions  to  proceed  to  Anstria-Hun- 
gary,  Italy,  Switzerland,  and  such  other  countries  as,  in  my  judgment,  might 
beadvieable,  for  the  purpose  of  promoting  the  interests  of  the  international 
exchange  service,  I  sailed  from  New  York  on  the  15th  of  May  last,  de- 
barked at  Antwerp,  Belgium,  May  26,  and  at  once  proceeded  to  Vienna, 

"Autlria- Hungary, — The  K,  K.  Statistische  Central  Commission,  Schwarz- 
enberggasse  5,  Vienna,  was  designated  as  the  exchange  agency  (or  Austria, 
at  the  instance  of  Dr.  Edward  Buees,  presidpnt  o(  the  Imperial  Academy 
of  Sciences,  and  as  a  result  of  my  visit  to  Vienna  in  1897.  Previous  to 
that  time  all  contributions  from  this  country  for  Austria- Hungary  were 
distributed  through  the  agency  of  the  institution  in  Leipzig,  Germany, 
and  the  importance  of  establishing  independent  agencies  in  Vienna  and 
Budapest  was  made  doubly  appu^nt,  inasmuch  as  the  agency  at  Leipzig 
was  becoming  overburdened  with  work,  and,  furthermore,  the  returns 
were  not  as  large  as  it  was  thought  they  would  be  if  separate  agencies  were 
establishea.  This  theory  has  been  sulistantiated  by  facts,  and  the  contri- 
butions from  Austria- Hungary  have  gradually  increased  from  year  to  year. 

"Prof.  Karl  Theodore  von  Inoma-Stemegg,  the  president  oE  the  K.  K. 
Statistieche  Central  Comuiisdon,  is  much  intere«)ted  in  the  exclionge 
service  and  is  disposed  to  reniier  every  assistance  possible.  He  cheerfully 
assented  to  all  the  changes  which  I  proposed  to  him  and  even  volunteered 
to  make  a  personal  effort  to  procure  the  official  publications  of  his  Gov- 
ernment and  the  municipal  publications  of  the  city  of  Vienna  for  the 
Library  of  Congress  and  to  send  them  as  early  as  practicable. 

"The  freight  charges  for  transporting  exchanges  from  Vienna  to  Ilam- 
buTg,  and  vice  versa,  liave  seemed  to  be  excessive,  and  it  was  my  purpose 
to  ascertain  if  consignments  could  not  be  made  by  rail  to  Trieste  or  Fiume 
and  thence  by  steamships  to  New  York,  which  regularly  touch  at  Adriatic 
and  Mediterranean  ports.  I  found  upon  inquiry  that  while  the  latter 
coarse  might  save  ttie  Institution  perhaps  $60  to  $75  per  annum,  the  time 
consumed  in  transit,  owing  to  the  fact  that  the  steamers  in  the  Adriatic 
service  are  exceedingly  slow,  would  be  nearly  three  times  as  great,  and 
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that  the  efficiency  of  the  service  with  Austria- Hnng&ry  nould  thua  be 
serionely  impured.  I  learned,  further,  that  merchants  usDalljr  shipped 
their  goods  to  the  Unit«d  States  from  European  Atlantic  ports  whenever 
time  was  an  object  to  be  conudered. 

"Under  the  circDmetancee  noted  above,  Ib«g  to  recommend  the  continu- 
ance of  the  practice  o(  sending  exchangee  to  Vienna  and  Budapest  via  Ham- 
burg  for  the  present,  at  least,  or  until  such  time  as  an  official  exchange 
bureau  supported  by  the  Imperial  Government  of  Anetria- Hungary  shall 
be  provided  for. 

"  Dr.  Joseph  von  Korosy,  director  of  the  statistical  bureau  of  the  city  of 
Budapest,  was  appointed  agent  for  the  Institution  for  the  distribution  and 
forwarding  of  exchanges  at  the  conclusion  of  my  visit  to  Hungary  in  1897, 
and  has  since  served  in  that  capacity.  Prior  to  my  arrival  at  Budapest 
Dr.  Korosy  had  been  ill  for  several  weeks,  but  was  then  convalescent  and 
had  resumed  his  official  duties. 

"Dr.  Julius  Pikler,  hie  assistant,  pereonally  attends  to  the  distribulJon  of 
exchanges,  and  keeps  a  record  of  all  parcels  received  and  forwarded.  For 
this  service  Dr.  Pikler  receives  each  year  from  the  Smithsonian  Institution 
300  kronen — equivalent  to  160.  On  account  of  bis  faithful  and  efficient 
performance  of  duty,  I  b^  to  recommend  that  his  compensation  be 
increased  to  500  kronen,  or  |I00  per  annum. 

"The  bureau  of  statistics  has  for  many  years  been  located  in  a  large 
building  known  as  the  "Redoute,"  but  during  the  month  of  September 
was  to  have  been  moved  to  the  city  hall,  where  the  library  of  the  bureau, 
numbering  27,000  volumes,  and  the  official  library  of  the  city  will  be  con- 
solidated and  placed  under  Dr.  Kurosy's  charge. 

"In  response  to  my  request,  Dr.  Korosy  promised  to  procure,  if  possible, 
copies  of  all  the  publications  of  the  city  of  Budapest  for  the  Library  of 
Congress,  though  he  feared  that  they  could  not  be  obtained  for  several 
months,  but  would  be  eventually.  He  fully  realizes  the  importance  of 
exchanging  publications  with  foreign  countries,  especially  with  the  United 
States,  but  regrets  that  other  officers  of  the  city  government  do  not  place 
the  same  value  upon  a  mutual  exchange,  and  for  that  reason  little  provi- 
sion is  made  for  surplus  copies. 

"While  in  Budapest  I  made  the  same  inquiries  with  rc^rd  to  reducing 
the  expenditures  for  transportation  of  exchanges  that  I  did  in  Vienna,  but 
met  with  a  similar  expression  of  opinion,  which  led  me  to  favor  a  continu- 
ance of  the  preeent  custom  of  using  the  route  to  and  from  Hamburg  on 
account  of  better  service,  though  the  freight  rates  are  considerably  higher 
than  by  Adriatic  ports.' 


'Since  my  return  to  Washington  I  learned  that  Dr.  Korosy  aildressed  a 
letter  to  the  Secretary  bearing  the  date  of  July  11,  in  which  he  refers  to 
my  visit  and  to  the  matter  of  inland  freight  on  exchanges.  He  proposes 
to  ask  the  State  nulways  of  Hungary  to  transport  exchanges  between  Buda- 
pest and  Fiume  without  charge,  and  will  also  attempt  to  obtain  a.  conces- 
sion from  the  ministry  of  posts  and  telegraphs  to  enable  exchange  parcels 
to  be  forwarded  free  of  postage.  Concerning  this  conceusion,  however,  he 
has  little  hopes  for  success. 
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"Prom  Budapestit  was  my  purpose  to  next  go  to  Venice,  but  as  themort 
direct  rout«  took  me  through  Vienna  I  availed  myself  of  tiie  opportunity 
of  peraoaally  conveying  my  compliments  to  Dr.  Baem,  a  foreign  aBeociat« 
of  the  National  Academy  of  Sciences  o/  the  United  States  and  the  president 
of  the  Imperial  Academy  of  Sciences  of  Austria.  The  international  Ex- 
changee owes  much  to  the  efforts  of  Dr.  Sueea  in  promoting  its  interests  in 
Austria,  as  he  was  instrumental  in-arranging  for  the  agency  in  Vienna  as 
now  constituted,  and  his  personal  acqu^ntancc  with  many  eminent  aci- 
entists  in  the  Uait«d  States  and  hiu  visits  to  this  country  from  time  to 
time  have  served  to  make  him  an  interested  student  of  America's  prt^^resB 
in  science. 

"Itaiy. — Although  my  principal  official  duties  in  Italy  were  confined  to 
the  Bihiioteca  Naztonate  Vittorio  Emanuele  in  Rome,  I  was  favored  with 
the  promise  of  complete  sets,  so  far  as  they  were  available,  of  the  munici- 
pal publications  of  the  cities  of  Venice,  Bologna,  Florence,  ttome,  Naples, 
Genoa,  Turin,  and  Milan.  The  sincerity  of  the«e  promises  is  proven  by 
the  fact  that  large  consignments  from  Florence,  Rome,  and  Genoa  have 
already  been  received  and  deposited  in  the  Library  of  Congress,  while  ad- 
vices are  at  hand  that  other  collections  are  on  the  way. 

"In  exchange  for  these  valuable  contributions  It  is  understood  that  the 
Ubrary  of  Congress  will  send  U>  the  libmrieaof  the  cities  above  mentioned 
such  publications  of  this  Government  as  from  their  nature  will  be  of  interest 
to  municipal  governments  generally,  and,  among  others,  to  include  the 
reports  upon  Commercial  Relations,  Commerce  and  Navigation,  District  of 
Columbia,  and  the  Department  of  Labor,  the  Statistics  of  Railways,  Con- 
sular Reports,  and  Statistical  Abstracts. 

"Count  Domenico  Unoli,  director  of  the  Biblioteca  Nazionale  Vittorio 
Emanuele  at  Rome,  assured  me  that  all  the  official  publications  of  the 
Kingdom  of  Italy  which  were  available  and  not  poBsessed  by  the  Library 
of  Congress  would  be  supplied,  and,  in  my  presence,  he  gave  instrucljona 
to  that  effect. 

"The  International  Exchange  Service  ot  Italy — Ufficio  degli  Soambi 
Intemazioiiali — islocatedon  the  second  floor  of  the  National  Library  Build- 
ing, and  ia  approached  by  a  stairway  on  the  left  ot  the  main  entrance  and 
independent  of  the  grand  staircase  leading  to  the  Library.  The  space 
occupied  as  the  office  for  the  exchange  8ervii«  consists  of  one  long  room 
well  lighted  and  well  adapted  to  the  purpose. 

"The  relationship  of  the  Italian  Exchange  Service  to  the  Biblioteca 
Nazionale  Vittorio  Ecnanuele  is  similar  in  some  respects  to  that  of  the 
international  exchanges  to  the  Smithsonian  Institution. 

"Signor  Cavaliers  Giovanni  Garavini,  the  chief  of  the  bureau,  showed 
me  many  courtesies  and  gave  me  every  possible  opportunity  to  familiarise 
myself  with  his  methods,  which,  though  systematic  and  complete,  do  not, 
on  account  of  the  limited  requirements,  demand  the  same  detail  necessary 
to  ready  reference  as  is  practiced  by  the  Institution. 

"The  sum  of  5,D0O  lire  ia  annually  provided  by  the  National  Library  for 
conducting  exchanges,  and  the  charges  on  contributions  by  Italian  corre- 
spondents fo'  tareip:  d'.strihition  are  prenu--)  ))y  the  bureau  to  porta  of 
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debarkation  in  other  countries  in  accordance  with  the  conditions  of  the 
BraseelB  treaty  concluded  in  1886.  The  distribution  of  exctiangee  in  Italy 
is  not  made  with  the  same  diepalch  that  ie  considered  by  the  Institution  oe 
of  the  utmost  importance  in  forwarding  parcels  to  addresBW  in  thia  country 
after  their  arrival  from  abroad.  Instead  of  being  allowed  the  right  to 
frank  exchanges  through  the  muls,  a  privilege  enjoyed  by  the  Institution, 
all  parcels  received  for  each  eity  in  Italy  are  forwarded  to  a  sinj^le  address 
in  that  city  by  freight  and  are  then  distributed  by  local  means.  This  cus- 
tom, which  was  doubtless  instituted  in  the  interest  of  economy,  it  seems 
impossible  to  improve  upon  until  the  allowance  for  the  transportation  of 
exchanges  shall  be  substantially  increased,  which,  however,  can  not  be 
expected  in  the  immediate  future. 

"The  proffer  of  Bignor  Guavini  of  his  hearty  cooperation  with  the  Insti- 
tution at  all  times,  to  the  end  that  a  mutual  exchange  of  publications,  both 
governmental  and  scientific,  may  tie  made  more  general  and  effective 
between  Italy  and  the  United  States,  coupled  with  the  many  favors 
bestowed  upon  me  unsolicited,  and  the  assurance  that  he  would  hold  him- 
self in  readiness  at  all  times  to  serve  the  Institution  in  any  capacity,  were 
reassuring  of  the  esteem  in  which  the  Institution  is  beld  in  the  Kingdom. 

" Suiitzerland. — Atterconcludingmy  workinltaly  I  proceeded  toSwitier- 
land  and  visited  the  cities  of  Zurich  and  Bern,  in  both  of  which  I  received 
asBurances  that  all  their  municipal  publications  would  be  sent  to  Washing- 
ton, through  the  Swiss  exchange  service,  as  early  as  practicable. 

"  Mr.  K.Angst,  the  British  consul-general  for  Switzerland,  is  tfaedirector 
of  the  Bwias  National  Museum,  which  is  located  in  Zuricrh.  Mr.  Angst  was 
especially  obliging  and  offered  me  every  facility  for  examining  many  parts 
of  the  building  to  which  the  public  is  not  admitted,  including  the  shops  of 
the  workmen  and  preparatora. 

"This  museum  is  new,  complete  in  every  detail,  and  occupies  a  most 
de«rable  position  in  the  center  of  the  city,  fatting  a  beautiful  park.  The 
architecture  of  tbis  building  is  unique,  eepe<;ially  with  re^rd  to  the 
arrangement  and  finish  of  the  rooms  devoted  to  Swiss  history,  which  are 
made  to  conform  to  the  age  contemporary  with  the  articles  of  furniture, 
implements,  customs,  and  arte,  which  are  appropriately  installed  in  them. 
In  order  to  make  the  construction  of  these  rooms  conform  to  the  many 
interesting  epochs  in  Swiss  history  it  was  necessary  to  dismantle  many 
monasteries,  churches,  and  chateaux,  but  this  has  been  done  with  a  mini- 
mum of  expenae  an<l  with  a  view  to  perpetuating  the  beauties  of  historical 
architecture,  instead  of  losing  all  semblance  of  ancient  customs  with  the 
decay  and  abandonment  of  old  buildings  which  have  been  discarded  for 
more  modem  structures. 

"The  Swiss  international  exchange  service,  conducted  by  Dr.  Gurtiier,  is 
a  division  of  the  biblioth^ue  f^i^rale  centrale,  Bern.  For  many  years  it 
has  been  the  custom  of  Dr.  Uurtner  toeend  Swiss  exchanges  for  correspond- 
ents in  this  country  to  Dr.  Fliigel,  the  agent  of  the  Institution  at  Leipzig, 
Germany,  and  in  time  they  were  reforwarded  with  the  German  exchangee 
to  the  Smithsonian  Institution.  This  arrangement  caused  a  duplication  of 
work  and  was  not  in  accordance  with  the  conditions  of  the  Brussels  treaty. 
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I  therefore  sogiteeted  that  it  would  be  pr«femble  to  send  fature  Bwin  cod- 
tributiona  direct  to  New  York,  prepaying  freight  thereoa  to  that  port  in 
the  aame  manner  as  the  Smithsonian  sent  this  country's  exchangee  for 
Switzerland  to  the  port  of  Hamburg  free  of  expense.  Dr.  Gurtner  informed 
me  that  there  would  be  no  objection  to  making  this  change,  and  I  am 
pleased  to  report  that  the  new  arrangement  has  already  gone  into  effect, 
the  last  consignment  from  Bern  being  sent  direct  to  New  York. 

"The  gracious  compliance  with  my  requests  in  other  cities  for  copies  of 
their  municipal  puhlications  was  repeated  in  Bern,  and  the  volumes  which 
1  asked  for  are  expected  soon.  The  official  publicatjons  of  the  Swiss  Fed- 
eiation  will,  however,  be  delayed  for  a  time  on  account  of  the  &ct  that  each 
of  the  twenty-two  cantons  of  which  the  confederation  is  composed  retaine, 
bylaw,  certain  rights  concerning  the  publicalion  and  distribution  of  official 
documents  and  each  cantonal  council  must  act  upon  the  request  which  will 
be  made  to  it  from  Bern, 

"Although  the  population  of  Switzerland  is  small  in  comparison  with 
some  of  the  countries  of  Europe,  it  is  relatively  among  the  foremost 
patrons  of  the  International  Exchange  Service. 

"The  French  bureau  has  improved  its  methods  so  materially  since  mjr 
visit  to  Paris  in  1S97.  and  especially  so  since  the  Secretary  had  an  inter- 
view with  Monsieur  Liard,  chief  of  the  libraries  of  France,  last  summer, 
that  I  did  not  think  it  advisable,  or,  in  fact,  necesBary,  to  make  any  sug- 
gestions to  the  director  of  the  bureau.  1  called,  howevir,  as  a  matter  of 
courtesy. 

"Throughout  myentlre  journey,  wherever  it  was  necessary  for  me  to  ask 
tlie  official  BBsistsiice  of  the  consular  offlceis  of  the  United  States,  and  in 
the  case  of  my  call  at  the  embassy  in  Paris,  I  was,  without  exception, 
offered  every  facility  at  the  command  of  this  Government's  representatives 
abroad  to  aid  me  in  accomplishing  the  work  prescribed  in  my  official 
instructions. 

"  I  returned  to  the  Institution  on  August  26,  having  been  absent  from 
Washington  three  months  and  fourteen  days. 
"Very  reepectfolly,  youre, 

"W.  I.  Adahb,  Ckie/ Oerk." 

"Mr.  8.  P.  Langlev, 

"Secretary,  Smithsonian  InftUutimi." 
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Ibtwlor  tlaUment  of  tht  tcork  of  the  [nUrmaional  Exchange  Senke  during  llie 
fiiixU  year  1900-1901. 
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G,569  lS,t33 

I0,ftl3  «}.973 

12,337  I    37.224 

7,472  i    81.798 

10,827  Sft.UO 


Total , 

ISW-IIWD. 


^.iSKt'  Ca«« 


30,M3   . 

m.oM 

m,277 

1,286 

!.». 

i6,ai 

3.™ 

31,867        l,7S7 

7.4« 

..«« 

«. 

"' 

SK 

■» 

2,7«           111 

The  followin)(  table  ebowH  the  number  of  packages  of  exchangee  handled 
and  the  increase  in  the  number  of  correspondents  each  year  from  1894  to 
1901. 


Number  of  packages  rec 
Weight  tit  packages  reci 

Ledger  accouDls: 

Foreign  soclelles  . . 


lSH-0!<.  tM)S-t6. 


1S96-S7.  1897-08.  189H-99.  1X90-1900 


Caaea  shipped  abroad... 


12.013     12.378     13,37« 


.vCoogIc 


EEPORT   OF   TBE   SEOBETABY. 


The  record  of  eziihuige  correepondenta  at  the  close  of  the  year  contuned 
35,705  addreeses,  being  an  increase  of  1,754  over  the  preceding  year.  The 
following  table  gives  the  number  of  coireepondente  In  each  country  and 
also  serves  to  illustrate  the  scope  of  the  service: 

Number  of  rxtrraipondtnU  of  the  InUmalional  EjKhangt  Serviee  ia  *adi  country 
on  June  SO,  1901. 


Bei™ 

BritlibEul  Africa.. 

Canary  lalaodi 

C«pe  Colony 

Cape  Verde  Islandn.. 

Ettypt 

French  Kon^-  ■ . 


Gold  Gout 

Oor^e- Dakar 

Kongo  Free SlBle... 

Liberia 

LoureDVO-Harquei . 
Uadagsflcar 


Reunion 

St.  Helena 

South    African 
public 


Canada ■ 

Central  America: 

BrIllBh  Hondunm 

Costa  Kica 

QuHtemala 

Honduraa 

Sanaalvadol....! 


■2.VX 

St.Merre-Hlquclon.. 

Cniled  States 

Wwit  Indiea: 

Bahamas 

Bennuda 

13 

Dominira 

Martinique 

I-orioRico 

i 

Bl-Lncia 

eu  Vincent 

\ 

Trinidad 

Turks  Islands..  . 

AMHICA(BOI-TH). 

Braill 
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95 
ti  each  country 


CCHBnPONDENTl. 

Coontry, 

COOmPONDKNn. 

CDQUtry 

Ubn- 

rlee. 

S 

ToUl. 

Llbia- 

rle«. 

'r 

TolBl. 

iBWlId*    (BODTH)- 

78 
IS 

80 
*7 

W 

■26 
SB 

1 
82 

lli 

113 

46 

168 
S3 
2S 
Tl 

] 
3 

11 

22 

dnued. 
Tannanla 

88 

8U 

IS 
102 

l,5M 
-.1,284 

117 

22 

930 
8M 
14 

isa 

l,'*40 

■!.»W 

3.B8J 
88 

TGO 
8 

890 
40 

a 

21,414 

31 

Kl-BOFI. 

DQlchGuiuu 

l.Kt 

14 

Bulgaria 

OT 

».m 

(Sennany 

tUA. 

OrealBrlMln 

I.ST2 
38 

9 

188 
83 

74 

M 

1,810 

' 

Italy 

20 

'i 

rhln* 

188 

Cocbln  China 

Portugal 

1,132 
32 

Preach  EartlDdlea.. 

i 

S:t::;;::;;::::::: 

Spain 

IndU 

Swltnrland 

Turkey 

BlimiaKli  Anhipcl- 

1 

Philippine  Mands.. 
Fuituguoe  India.... 

Pijllslandii 

Hawaiian  Iiilanilx.. - 
Manih«UIiaand«.... 

33 

NewHcbridM 

1 

60 

Intemallonal 

ToUl 

14.2SI 

84 

South  Atutislla 

85,706 
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P  aOVEBNKKNT 


The  following  table  Bhowe  the  number  of  pocksgee  forwarded  and  re- 
ceived by  the  several  branches  of  tbie  Govemmect  during  the  year.  By 
comparison  with  tbe  last  report  it  will  be  obeerved  that  there  baa  been  a 
Blight  increase  in  the  number  of  packages  tranamitted  abroad  and  an 
increase  of  5  per  cent  in  the  number  of  packages  received.  The  contribu- 
tions credited  to  the  Library  of  Congress  were  forwarded  in  accordance 
with  the  act  of  Congreee  approved  March  2, 1867. 

^aUment  of  Govemmenl  ejrehange*  during  the  year  1899-1900. 


Package.    II 

Name  of  buresu. 

'-rS? 

gi' 

American  BIsUirival  AfBOcl- 

20 
b 

m 

208 
1.8» 

S97 

1,380  ' 

i 

6   ! 

AMrophylcal  Observatory. . . 
Audlinr  for  tbe  Stale  and 

Board    on    Geographic 

Bureau   of  American    Elh- 

V* 

11 

19 
103 

37 

Bureau  of  AmericaD  Repub- 

Boreauof  EdiicaOon 

Bureau  of    Medicine   and 

Bureau  ot  Narlgatlon 

Bureau  of  Statlitioi,  Treas- 

Bureau  nt  Sleam  Englneer- 

Coantand  Geodetic Surre)-... 

Deparlmenlol  Agriculture.. 

Department  of  Juattee 

Department  ol  Ijibor 

Name  of  bureau. 


Brdrograpblc  Office. . , 


h^  !r 


minion. 
IMbmlan  Canal  Cr 

library  o(  Congrem 

Ufe-Savlug  Servlre 

Llght-HouiK  Board 

Marine- Hoapital  Service.. 
National  Academy  of  3c 


National  Muieum 

National  Zoological  Park  .. 

Nautical  Almanac  Office . . . 

Naval  Observatory 

Navy  Department 

OfHce  of  the  Chief  of  Eogl- 


Patent  Office 

President  ol  the  United 

ewi«s 

Record  and  Pendon  Office. 

War  Department 

Senate  of  the  tTnlted  SUtw  , 

Smithsonian  In  Blllutlon 

Hupertntendent   of  Docu- 

Surgeon-Oenersl'a  Office 

Treanury  Department 

War  Department 

Weather  Bureau 


Geoldglcal  Survey  . . 
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Following  ie  a  comparHtive  bt&tement  of  exc;hange  transmimone  by  pack- 
ages between  the  United  States  and  otber  countries  during  the  veaia  1900 
and  1901: 

OampM-ative  dalrment  of  packaga  received  for  trammimoa  through  the  Inter- 
nalionai  Kichange  Service  ({uHn^  the  fiscal  yeara  ending  June  SO,  1900  and 
Jaut  SO,  1901. 


1900. 

Pack 

Kor- 

<n. 

CouDlry. 

PMk 

Tor- 
ts 

Fnim- 

• 

T^- 

113 

1.631 

2,301 
11 

2,832 

M 
1.090 

249 
657 

233 
l.OM 

I 

,^ 

3 
3.127 

*.as7 

-■" 

2,618 

1,SM 

dM 

' 

1,38* 
2,479 

63 



1.396 

'ilO 

« 

4» 
1,106 

MZ 

1 

1,087 

I 

»« 
3 

14 

_  J 

141 

Gnnu 

«, 

FlJlWmd. 
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Onnparalive  HaUment  of  packages  raxUvdfor  trarwnuui'vn  Ihrtmgk  the  Inter- 
national Exchaitge  Servux,  etc.—  Continued. 


Country. 

Tor- 

rrom- 

P«.k 

SRCT. 
From- 

Ftona 

1 

■I 

K.037 

FnuiM 

8.458 

I2,s7e 

to.  843 
2,037 

w 

8.189 

8,»5 

i;i,3H 

3 

61 
76 

4,»a 

W 
1,!B3 
203 

Greal  BrilBiniin.il  rclHiid 

S.MO 

8,806 

m. 

7, 

1,371 

76 

19 

■26J 

2J 

India  

Italy  

IW 

lU 

l.«S 

,?, 

^ 

» 

UHdiunmu^ 

» 



23 

^ 

MauriUun 

4.0» 

1.719           3,7-iO 

Honteii«n> 

S8 

1,M7 

1,6^ 

^ 

Nelhcrlands 

1 

27 

1.M4 
821 

1.M2 

«[ '. 

1.2R7               SS3 

Nio«i««. 

NcFTiray 

P<u»«uftT.-.- 

9M 

40 
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Oomparative  ttalnmenl  of  packaga  received /(/r  Irarrnniwion  through  the  Inler~ 
national  Exchange  Senvx,  flc. — Continued. 


im 

1(01. 

Coontir. 

Packagca. 

Pubagei. 

For-       Prom- 

Fo.^ 

Fiom- 

Penl> 

22 
68 

2,«61 

713 
•14 

3,ais 

26 

10] 

RiHiU 

s 

2 

a 

M 

1 
M2 

i.ns 

46 

1,W9 

60 
IS 

31.367 

I.1B0 

m 

as 

M 

I 
j.sie 

644 
II 

Gm 

1,101 
790 

1 

ai.n. 

S9 

8p<Un 

Syria             

» 

202 

Tonga ... 

Turter 

TB,2M 
M7 

Unipuiy 

,» 

VlcWrin 

Sll 
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The  foUowii^  is  a  list  of  the  Smithsonian  corrmpondents  acting  as  dis- 
tributing ^jentf),  or  receiving  publications  for  transmission  to  the  United 
States,  and  of  countries  receiving  rcKUlvly  exchangee  through  the  Insti- 
tution: 

Algeria.     ( See  France. ) 
Angola.     {See  Portugal.) 
Argentina:  Museo  Nacional,  Buenos  Ayres. 
Austria:  K.  K.  Statistische  Central-Commission,  Wien. 
Asoree.     (Set  Portugal.) 

Belgium:  CommiBsioa  Belgi>  dee  ^changes  Inlemationaux,  Bniseels. 
Bolivia:  Odcina  Nadonal  de  Inmigrad6&,  Kistadfstica  y  Propaganda  Geo- 

grdflca.  La  Paz. 
Brazil:  Bibliotbeea  Nacional,  Rio  de  Janeiro. 
British  Colonies:  Crown  Agents  for  the  Colonies,  London,  England. 
British  Uuiana.     (See  British  Colonies.) 
British  Hondiuas.     (iSp*  British  Colonies, ) 
Bulgaria:  Dr.  Paul  L«verkuhn,  Sofia. 
Canada:  Packages  sent  by  mail. 
Canary  laiands,      (See  Spain.) 

Cat>e  Colony:  Superintendent  of  the  Stationery  IJepartment,  Cape  Town. 
Chile:  Universidad  de  Chile,  Santiago. 
China.     (Shipments  suspended  for  the  present. ) 
Colombia:  Biblioteca  Nacional,  BogotiL 

Costa  Rica:  Oficinu  de  Dep6Bito,  Reparlo  y  Canje  Intemacional,  San  Jos£. 
Cuba:  Dr.  Vicente  de  la  Guaniia,  Habana. 

Denmark:  Kong.  Danske  Videnskabemes  Selskab,  Copenhagen. 
Dutch  Guiana:  Surinaamsche  Koloniale  Bibliotheek,  Paramaribo, 
tkuador:  Biblioteca  Nacional,  Quito. 
East  India:  India  Store  Department,  India  Office,  London. 
F^pt:  Soci£l^  Eh£diviale  de  Gtkigraphie,  Cairo. 
Fiji  Islands.     (Se^  British  Colonies.) 

France:  Burean  France  dee  ^changee  Intemationaui,  Paris. 
Friendly  Islands:  Packages  sent  by  inul. 
Germany:  Dr.  Felix  Fliigel,  Wilbelmstrasse  14,  Leipzig-Go  hi  is. 
Gold  Coast.     (See  British  Coloniea.) 
Great  Britain  and  Ireland:  William  Wesley  &  Son,  28  Essex  street,  Strand, 

London,  England. 
Greece;  Prof.  R.  B.  Ricbardson,  Director,  American  School  o£  Clasaical 

Studies,  Athens. 
Greenland.     {.See  Denmark.) 
Guadeloupe.     (See  France. ) 

Guatemala:  Instituto  Nacional  de  Guatemala,  Guatemala. 
Guinea.     (See  Portugal. ) 

Hutj:  Secretaire  d'Etat  des  Relations  Ext^rieuree,  Port  au  Prinif-. 
Hawaiian  Islands:  Foreign  Office,  Honolulu. 
Honduras:  Biblioteca  Nacional,  Tegucigalpa. 
Hungary:  Dr.  Joseph  von  Koriwy,  "Rcdoute,"  Budapest. 
Iceland.    (See  Denmark.) 
Italy:  Biblioteca  Nasionale  Vittorio  Einanuele,  Rome. 
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Januuca.     (See  Britieb  Coloniee.) 

Java.     (A!k  Netherlande.)  '  •    ,' 

Korea:  Packages  eent  by  nuiil. 

Leeward  IslandB.     (Afe*  British  Coloniee.) 

Liberia:  Car«  of  American  Colonization  Sodety,  Washington,  DlBtricl  ti' 

Columbia. 
Luiemburg.     (See  Germany. ) 
Madagascar.     (See  France.) 
Madeira.     (See  PortugaJ.) 
Malta.     (See  British  Coloniee.) 
MauritiuB.     (See  Britjeh  Coloniee. ) 
Mexico:  Packages  sent  by  mail. 
Mozambique.     (See  Portugal. ) 
Natal:  Agent-General  for  Natal,  London,  England. 
Netherlands:  Bnreau  Scientjfiqne  Central  N^erlandais,  Den  Helder. 
New  Guinea.     (See  Netherlands. )  - 
New  Hebrides:  Packages  aent  by  mail. 
Newfoundland:  Packages  sent  by  mail. 
New   South    Walefl:  Government    Board   for  Intematjonal  Exchangee, 

Sydney. 
New  Zealand:  Colonial  Museum,  Wellington. 
Nicaragua:  Miniet«rio  de  Relacionee  Exteriuree,  Managua. 
Norway:  Kongelige  Norske  Frederike  Universitet,  Christiania. 
Paraguay:  Care   Consul-General  of  Paraguay,  Washington,  District  of 

Columbia. 
Persia.     (See  RuBsia. ) 
Peru:  Biblioteca  Nacional,  Lima. 
Philippine  Islands:  I^kages  sent  by  mail. 
Porti^l:  Bihiiotheca  Nacional,  Uebon, 
Queensland:  Chief  Secretary's  Office,  Brisbane. 
Roumania.     (See  Germany.) 
Ruada:   CommiseioD  Russe  <lea   Echanges  Internationaux,  Biblioth^ue 

Imp^riale  Publique,  St.  Petersburg. 
Baint  Helena.     (See  Britisli  Colonies.) 
Santo  Domingo:  Packages  sent  by  mail. 
San  8atva<lor:  Museo  Nacional,  San  Salvador. 
Servia.     (See  Germany. ) 

Siam;  Board  of  Foreign  Missions  of  the  Presbyterian  Church,  New  York. 
South  African  Republic:  William  Wesley  &  Son,  28  Essex  street,  Strand, 

South  Anstralia.'  Astronomical  Observatory,  Adelaide. 

Spain:  Oflcina   para  el  Canje  de  Publicaciones  Oficiales,  CienUflcas  y 

LJterarias.     Scccion  de  Propiedad  Intelectual  del  Minialerio  de  Pomento, 

Madrid. 
Straits  Settlements.     (See  British  Colonies. ) 
Sumatra.     (See  Netherlands.) 

Syria:  Board  of  Foreign  Mission^  of  the  Presbyterian  Church,  New  York, 
Sweden:  Kongliga  Svcnska  Vetenskaps  Akademien,  Stockholm. 
Switzerland:  Btbliothgque  F^f-rale,  Berne. 
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TaamanU:  Roy^-^^b«telj-of  Taflmania,  Hobart. 

Trinidad.   tJ^See'Sii^^h  Colonies. ) 

Tunia.    XSO-fnnce.) 

TurJttJ^.'lLiBe'Kcaii  Board  vt  CoinmiBmonera  for  Foreign  Miarione,  Boeton, 

{Ql^BBI^QSettB. 

'^Turka' Islande.     (.S.'r  British  Coloniee.) 
■.l&niguay:  Oficina<le  Dep^HJto,  Repartoy  Canjelntemadontil,  Montevideo. 
Venezuela:  Biblioteca  Nar.ionat,  Cardcae. 

Victoria:  Public  IJbmry,  Museum,  and  National  Gallery,  Melbourne. 
Western  Australia:  Victoria  Public  Jjbrary,  Perth. 
Zanzibar;  Packages  seat  by  mail. 

The  distribution  of  ext'liangee  to  foreign  countries  was  made  in  1,757 
caaee,  3S2  of  which  contained  official  documents  for  authorized  depoaito- 
ries,  and  the  contents  of  1,476  cases  consisted  of  Government  and  other 
publications  for  miscellaneous  correepondente.  Of  the  latter  class  of 
exchangee  the  numlier  of  cases  sent  Ui  eai-h  country  is  given  below. 

Argentina 30  |  New  South  Wale' IS 

Austria 64  '  Netlierlands 40 

Belgium 49    New  Zealand 7 

Bolivia 2    Nicaragua 3 

Brazil 25    Norway  . . 


British  Qilonies.. 
Cape  Colony.. 

Chile 

Colombia 

Costa  Rica 

Denmark . . 


Paraguay 2 

2     Peru 10 

4'polynesia (') 

15  j  Portugal 18 

6    Queensland 10 

6    Roumania (*) 

2;  Russia 62 

21  1  Salva<liir 3 


South  AustraEin 

South  African  Republic. 


(■) 


(•) 


Dutch  Guiana (')  '  Santo  Domingo  .. 

East  India 

f^ypt -. 

France  an<l  ('ol<miii< 

Germany 

Great  Britain  and  Irelani 

Goateiiiala 

Haiti 

IIondura.1 

Hungary 

Italy 

Mexico 

Natal 

I  IiiHudc.1 

'  Pocka^tif  sent  by  mail. 

'  Includcil  in  transniiesionH  to  Great  Brital 

'  Includeil  in  transmissions  lu  Germany. 


Tasmania 

Turkey 

Uruguay 

Venezuela 

Victoria 

Western  Australia 

Netherlandn. 
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The  following  b  a  list  of  depodtoriett  of  r^ulor  aets  of  United  Utatee 
Govenunent  publications  forwarded  abroad  througli  tlie  In[«matioiial 
Exchange  Service  on  July  10,  October  6,  November  23,  IBOO,  and  on  Jan- 
uary 23,  April  1,  and  May  20,  1901: 
Argentina:  Library  of  the  Foreign  Office,  BnenoH  Ayrea. 
Austria:  K.  K.  StatistischeCentral-CommiHBion,  Wien. 
Baden:  Univerwtats-Bibliothek,  Freiburg. 
Bavaria:  Kiinigliche  Uof-und  Ktaata-Bibliothek,  Mfinchen. 
Belgium:  Biblioth^ue  Soyale,  Bnisselx. 
Brazil:  Bibliotheca  Nacional,  Rio  de  Janeiro, 
Buenoe  Ayre«:   Library  of  the  Government  of  the  Provinee  of  Buenoe 

Ayre»,  La  Plata. 
Canada:  Parliamentary  Library,  Ottawa. 
Canada:  Legislative  Library,  Toronto. 
Chile:  Biblioteca  del  Oongreeo.  Santiago. 
Colombia:  Biblioteca  Nacional,  hogotA. 

Coela  Bica:  Otlcina  de  IX-puxito,  It«part«  y  Canje  Intt-macional,  San  Jos£. 
Denmark:  Kongelige  Bibliotheket,  Copenhagen. 
England:  Britieh  Museum,  l.iOndon. 
France:  Bibtioth^ue  NaUonale,  Pane. 
Germany:  Eteuteche  Reichsli^p-Bihliotliek,  Beriin. 
Greece:  National  Library,  AthenH. 

Haiti:  Secretaire  d'Ktat  des  Relatione  £xt(''rieure«.  Port  au  Prince. 
Hungary:  Hungarian  House  of  Del^atef,  Bndapeitt. 
India:  Secretary  to  the  Government  of  India,  Calcutta. 
Italy:  Bibliot«c>l  Nonionale  Vittoriu  Kmanuele,  Boma. 
Japan:  Foreign  OIHce,  Tokyo. 
Mexico:  Mueeo  Nacional,  Mexico. 

Netherlantln:  Library  of  the  Stales  General,  The  Hague. 
Mew  South  Wales:  Government  Board    for   International    Exchangee, 

Sydney. 
New  Zealand;  General  Aeeembly  Library,  Wellington. 
Norway:  Deportementet  for  (let  Indre,  I'lirlHtiania. 
Peru:  Biblioteca  Nacional,  Lima. 
Portugal:  Bibliotheca  Nacional,  LiRhon. 
Prussia:  Ki'migUche  Bililiothek,  Berlin. 
Queensland:  I'arliamentary  Library,  Bridlwne. 
Russia:  Imperial  Public  Library,  St.  Petersliurg. 
Saxony:  Konigliche  Bibliothek,  Dresden. 

South  African  Republic:  De|iartment  of  Foreign  Affairs,  Preliiria.' 
South  Australia:  Parliamentary  Library,  Adelaiile. 
Spain:  Seccion  de   Propieilad  Intelectual  del    Miiiislerio  de  Fomento, 

Madrid. 
Sweden:  Knngliga  Biblioteket,  Stockholm. 
Switzerland:  Bibliothdque  F^Mrale,  Berne. 
Tasmania:  Parliamentary  Library.  Iloliart. 

'Shipments  subeequent  to  Auguiit  I,  181(9,  BnHponikil. 
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Turkey:  Mioieter  of  Pablic  InBtniction,  CoDstantiaople. 

Uruguay:  Oflcina  de  Dep6eiUi,  Reparto  y  Ctenje  Interoacioiwl  de  PublicA- 

cionee,  Montevideo. 
Venezuela:  Biblioteca  Nadonal,  Cardcaa. 
Victoria:  Pablic  Library,  Melbourne. 
Western  Australia:  Victoria  Public  Libmry,  Perth, 
Wurttembei^,  Konigliche  Bibliothek,  Stuttgart. 

Bespectfully  eubmitted.  F.  W.  Hodgi, 

Acting  Curator  of  Exehanga. 

Mr.  S.  P.  Lanolbv, 

SeereUtry  of  the  Smiibtonian  Intlitutioa. 
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Apprhdix  IV. 

REPORT  OF  THE  SUPERINTENDENT  OF  THE  NATIONAL 
ZOOLOGICAL  PARK. 

Sir:  I  have  the  honor  to  herewith  submit  the  followmg  report  relating 
to  the  condition  and  operations  of  the  National  Zoological  Park  for  the 
year  ending  June  'MS,  1901 ; 

At  the  close  of  tiiat  period  the  approximate  value  of  the  property 
belonging  to  the  park  was  as  follows: 

Buildings  for  animals >63, 000 

Buildings  for  administrative  purposes 14, 000 

Office  furniture,  books,  apparatus,  etc 4, 000 

Machinery,  tools,  and  impleinenta 2,200 

Fences  and  outdoor  inclosures 25, 000 

Roadways,  brit^es,  paths,  rustic  seats,  etc 74, 000 

Norseriee 1,000 

Horses 800 

Animals  in  zoological  collection 36, 000 

A  detailed  list  of  the  animals  in  the  collection  is  appended  hereto. 
They  may  be  classified  as  follows: 


iDdlge- 

Foreign. 

Domeni- 
caled. 

ToUl- 

ll.»™.l 

S82 

77 

78 

SS7 

ece 

m 

134 

The  accessions  of  animals  during  the  year  have  been  as  follows: 

Presented 131 

Purchased  and  collected  104 

Lent 9 

Received  in  excliange 28 

Bom  in  National  Zoological  Park 46 


The  coat  for  purchase,  collection,  and  transportation  of  these  acces- 
idons  has  been  f4,000.  Besides  this  there  has  been  spent  for  books 
photographs,  apparatus,  and  office  furniture  the  sum  of  $1,100. 
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For  continuing  the  conetniction  of  roads,  walks,  bridges,  water  supply, 
sewerage  and  drainage;  and  for  grading,  planting,  and  otherwise  improv- 
ing the  grounds;  erecting  and  repairing  btiildin^cs  and  inclosurea;  care, 
Bubeistenrc,  purchase,  and  transportation  of  animals,  including  salaries  or 
compensation  of  all  necessary  employees;  the  purchase  of  necessary  books 
and  periodicals,  and  general  incidental  expenses  not  otherwise  provided 
for,  seventy-tive  thousand  dollara;  one-half  of  which  mm  shall  be  paid 
from  the  revenues  of  the  District  of  Columbia  and  the  other  half  from  tlie 
Treasury  of  the  Unit«d  States;  and  of  the  sum  hereby  appropriated  five 
thousand  dollais  shall  be  usetlfor  continuing  the  entrance  into  the  Zoolog- 
ical Park  from  Cathedral  avenue  and  ofiening  driveway  into  Zoolo^tSil 
Park,  including  necessary  gradiug  and  removal  of  earth:  Provided,  That 
the  unexpendM  balance  of  the  amounts,  aggre^ting  eight  thousand  dol- 
lars, heretofore  m>pn>priated  for  n  idening,  gradmr,  and  regulating  Adams 
Mill  road  from  Columbia  road  to  the  Zoolo^cal  nirk  entrance  is  hereby 
reappropriated,  to  he  expencle<l  under  the  direction  of  the  Commissioners 
of  the  District  of  Columoia,  and  that  the  control  of  Adams  Mill  road  is 
hereby  vested  in  the  said  Commiaiioners,  and  all  proceedings  necesaary  to 

Eurchaee  or  condemn  the  land  net-essary  to  wi<len  said  roail  as  authorized 
y  act  approved  March  third,  eighteen  hundred  and  ninety-nine,  provid- 
ing for  simdrv  civil  cx[iensea  of  the  Government  for  the  fiscal  year  ending 
June  thirtieth,  nineteen  hundred,  and  for  other  purposes,  aliall  be  taken 
by  said  Commissioners.     (Sundry  civil  act,  June  6,  1900. ) 

From  this  the  following  improvements  have  been  made  in  the  Iniildings 
and  grounds  during  the  year; 

Temporary  bird  lioutr, — Amucli-nec<ledstnictureloaccommoilatestruthi- 
ons  and  other  large  birds.  As  it  was  <lee[ne<l  inailvisahle  to  expend  money 
for  a  permanent  structure  at  tliis  ticne,  a  clipap  frame  construction  was 
used,  the  sides  of  which  were  treated  with  iiebble-dash  and  the  roof  made 
of  asphalted  (eit  coverwl  with  cni8he<l  slag.  The  interior  work  of  the 
house  is  belter  in  quality  than  would  Im>  expected  from  the  exterior,  the 
cages  being  commodious,  of  good  mat«rial,  with  neat  Anish,  and  each  sup- 
plied with  direct  mnlight  from  a  skylight.  It  is  heate<l  by  a.  steam  boiler 
already  in  the  posBession  of  the  park,  having  lieen  formerly  used  in  the 
principal  animal  house.  The  building  being  very  low  is  easily  heated  dur- 
ing wint«r,  but  is  very  hot  in  summer.  Itfl  internal  appearance  is  quite 
satisfactory,  and  the  binls  have  been  much  more  healthy  since  they  liave 
been  transferred  to  it.  For  diving  birds  two  aquarium  tanks  were  intro- 
duced, in  order  that  their  evolutions  undt r  wal«r  might  t)e  seen  by  the 
public.  This  extremely  interesting  feature  might  be  enlarge*!  with  great 
advantage.  To  be  effei-tive  the  water  supplying  the  tanks  should  be  per- 
fectly clear  and  lim)>id.  This  can  only  l>e  done  by  ineans  of  a  good  Biter. 
The  cost  of  this  binl  house  was  53,500. 

Hgingragt. — Another  structure  relating  to  birds  has  been  devised  and  the 
construction  begun  during  the  present  year.  This  is  a  large  flying  ci^,  158 
by  50  by  50  feet.  It  is  intended  to  supply  the  cage  with  running  water, 
and  it  is  hoped  that  herons  and  other  aquatit;  species  may  nest  within 
its  limits.  The  total  cost  of  this  structure  is  estimated  at  $6,200,  only  a 
portion  of  which  will  be  expendeil  from  the  appropriation  for  1901. 

T}ie  pniKipal  miimal  honne. — The  roof  of  this  house  was  repaired  and  a 
portion  of  it  replaced.  Additional  heating  coils  were  placed  at  the  north 
end,  end  the  outside  mngeof  espies  was  repainted;  all  at  a  total  cost  of  f500. 
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Offux  bmlding. — The  old  building  in  which  the  office  of  the  park  ie  placed 
haa  been,  up  to  the  present  time,  in  a  very  ruinouB  state.  In  order  to 
restore  it  to  eometbing  like  ita  pristine  condition,  the  entrance  ball  and 
\»rj^  room  connectiag  with  it  were  flniabed  witba  brick  Door  and  Buitalde 
windows,  the  entrance  halt  on  the  second  floor  repaired,  one  of  the  chim- 
neys entirely  rebuilt,  and  an  extra  flue  constructed.  Beverat  bookcaaes 
were.bnilt  in  the  library  room,  furniture  was  purchased,  and  aeveral  small 
alterations  made  to  the  outside  of  the  bnilding.  The  total  cost  of  thia 
work  was  12,200. 

.^TuoriuOT.—It  being  evident  that  the  present  temporary  aquarium 
building  can  be  maintained  in  proper  condition  but  a  short  time,  it  was 
thought  necceonry  to  prepare  plans  for  a  new  and  much  more  satisfactory 
Btracture.  These  plans,  which  are  very  elaborate  and  complete,  were 
prepared  by  Mesara.  Homblower  &  Marshall,  at  a  cost  of  $500. 

Bridge  near  Quarry  road  enlnmtx. — Under  the  appropriations  for  the 
District  of  Columbia,  Congress  made  the  following  appropriation: 

For  construction  of  a  bridge  across  Bock  Creek  on  the  line  of  the  road- 
way from  Quarry  road  entrance,  under  the  dire^^tion  of  the  Engineer 
CommisMoner  of  the  District  of  Columbia,  twenty-two  thousand  dollars, 
one-half  of  which  sum  shall  be  paid  out  of  the  revenues  of  the  Distritt  of 
Columbia.     (Sundry  civil  act  June  6,  1900. ) 

In  accordance  with  this  provision,  a  bri<)ge  of  concrete,  ma<le  according 
to  the  "Melan"  system,  was  constnicted  in  the  Zoological  Park,  taking 
the  place  of  the  wooden  bridge  of  a  composite  character  which  was  built 
when  the  pork  was  first  established. 

Incidental  to  the  construction  of  this  bridge,  the  water  main  that  was 
hung  upon  the  old  structure  had  to  be  removed  and  relaid  at  the  bottom 
of  the  creek.  The  cost  of  this  work  was  ?450,  which  was  defrayed  from 
the  appropriation  for  the  National  Zoological  Park. 

New  paddocki. — Increase  of  the  collection  has  maile  it  necessary  to  con- 
struct several  new  paddocks  during  the  year,  one  being  for  the  Rocky 
Mountain  sheep,  another  for  moose,  another  for  the  Newfoundland  caribou 
and  mule  deer. 

It  was  found  necessary  to  separate  the  buffalo  paildocks  by  double 
partitions,  in  order  that  the  males  may  not  tight  through  the  partition 

Water  pipes  were  laid  to  the  camel  paddocks,  and  also  to  provide  \>o6\m 
and  shower  baths  for  the  bison  and  other  animals  during  the  heated 
months  of  summer. 

Repairtlo  boundary  fenre, — The  fence  which  hail  l)een  removed  along  the 
west  and  south  side  of  the  park,  to  allow  grading  and  improvement  of 
roads  in  the  vicinity,  has  been  reset  during  the  year  and  a  considerable 
amount  of  repairs  have  been  made  to  the  fence  in  other  portions  of  the 
park.    The  total  cost  of  these  repairs  was  K(00. 

Macadam  Moii.— Many  visitors  to  the  park  enter  from  the  western  side. 
The  board  walk  which  had  been  constructed  to  lead  from  Connecticut 
avenue  extended  to  the  central  portion  of  the  park,  tiirough  a  shady  ravine, 
became  so  decayed  and  unsafe  that  it  was  necessary  to  replace  it.  It  was 
removed  and  a  macadam  walk  laid.    Uther  walks  of  less  extent  were 
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made  where  urgently  needed.  The  expenditure  for  thiB  purpose  was 
about  $700. 

Driveway  from  ColiudTal  avtntu. — It  will  be  noted  from  the  language  of 
the  appropriation  for  the  park  that  the  entranee  formerly  epecJGed  to  be 
made  from  Woodley  road  is  now  to  lead  in  from  Cathedral  avenue,  a 
street  recently  conetnicted  along  the  weetern  eide  of  the  park.  An  appro- 
priation of  $5,000  was  made,  which  included  the  neceeaary  grading  an<l 
removal  of  earth.  In  pursuance  of  this  provision  of  law,  work  was  done 
on  the  small  dam  made  over  Rock  Creek  near  the  site  of  the  old  Adomu 
mill  in  order  to  secure  the  banks  against  high  water  and  to  permit  the 
stream  to  be  safely  forded.  An  illustration  showing  this  ford  is  herewith 
appended.  From  this  point  a  fill  is  being  made  to  connect  this  driveway 
with  Cathedral  avenue.  The  heavy  fitl  made  by  the  District  authoritiee 
along  the  line  of  Cathedial  avenue  made  it  necessary  to  construct  a  rude 
retaining  wall  at  one  important  point  to  prevent  detritus  from  waehiag 
down  and  filling  up  the  road.  The  amount  appropriated  by  the  act, 
(5,000,  has  been  used  upon  the  driveway,  and  the  work  will  be  oiMttuiued 
during  the  next  fiscal  year. 

The  raw  slopes  of  earth  that  will  remain  after  thisdriveway  is  completed 
should  be  planted  at  once  with  suitable  shrubs  and  trees,  in  order  that  they 
may  be  kept  from  serious  erosion  and  to  avoid  the  unsightly  appearance 
which  they  would  otherwise  present. 

Repairing  roadipay*. — The  driveway  from  the  Adams  mill  entrance, 
vhich  is  more  used  than  any  other  road  in  the  park,  has  been  reshaped 
and  resurfaced  with  crushed  limestone.  This  driveway  assumes  addi- 
tional importance  from  the  fail  that  the  District  authorities  have  at  last 
graded  a  carriage  way  from  Columbia  road  to  the  park  entrance,  thus 
making  the  ilriveway  in  the  park  more  easily  accessible. 

The  main  driveway  throughout  the  |>ark,  from  Quarry  road  to  the  west- 
em  entrance,  has  been  dressed  with  gravel,  and  the  whole  at  a  cost  of  $400. 

The  Klingle  roail,  which  skirts  the  north  side  of  the  park,  having  been 
repaired  and  raised  by  the  District  authorities,  it  became  necessary  to  reset 
the  park  fence  and  raise  the  grade  of  the  driveway  connecting  with  it. 

The  cutting  of  Cathe<lral  avenue  through  the  western  edge  of  the  park 
made  it  necessary  to  remove  a  considemble  nnmber  of  evergreen  and  other 
trees  and  shrubs  formerly  set  in  that  locality  for  the  purpose  of  a  screen. 
These  trees  were  reset  during  the  hot  summer  months  along  the  roads  and 
walks  in  different  parts  of  the  park  and  the  sbmbe  aroun<l  the  office  build- 
ing. Considering  the  extremely  unfavorable  weather  when  the  transfer 
was  made,  this  planting  was  fairly  succewiful.  A  cjjnsiil^rable  amount  of 
stock  was  transferred  from  the  nurst'ry  to  permanent  loialities,  and  the 
care  of  the  natural  forest  of  the  park  has  been  continueil  as  necessary.  The 
total  cost  of  this  work  during  the  year  was  $900. 

ChHdrm'i  rotna  M  tlie  SniilKioniati  Iimlitiilimi. — A  small  exhibit  of  fishes 
and  birds  Itelnnging  to  the  National  Zool<^ical  Park  has  l)e<-n  installed  and 
maintainetl  in  the  children's  room  at  the  Smithsonian  Institutiou.  The 
total  expenditure  for  this  pur)iose  was  about  S400. 

Nundinl. — The  sundial  purchaseil  in  London  by  the  Secretary  from  a  pre- 
vious ajipropriation  was  set  up  on  the  lawn  near  the  animal  house,  at  a  cost 
of  $100. 
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Gaiotine  engine  and  djpiamo. — In  the  course  o(  certain  improvemente 
made  at  the  United  States  National  Mneeuni,  it  was  found  that  one  of  the 
gas  engines  there  used  could  be  dispeneed  with.  It  was  transferred  to  the 
park  and  adapted  for  the  uee  of  gasoline.  The  dynamo  connected  with 
this  engine  was  aleo  transferred  to  the  park.  It  will  he  employed  for  nin- 
ning  lathee  and  other  necessary  machinery  in  the  blacksmith  and  carpen- 
ter shop.    The  total  coat  of  this  installation  was  $300. 

Several  important  accessions  liaveheenniade  to  the  collection  duringthe 
year.  Among  Uiese  area  pair  of  young  hona  from  Somaliland,  Africa,  pre- 
sented by  Mr.  R.  A.  Gross,  a  iiien'hant  of  A<len;  also  a  pair  of  young 
leopards,  presenle<l  by  the  Hon.  K.  H.  Cunningham,  United  States  consul 
at  Aden,  Arabia.  Other  animals  are  expected  from  this  region,  but  native 
uprisings  in  that  neighborhood  have  doubtless  prevented  further  collec- 

From  Mr.  Perry  M.  DeJjeon,  the  United  States  consul-general  at  Guaya- 
quil, was  received  a  kinkajou  and  a  coati  mondi.  Four  sloths  sent  by  him 
unfortunately  died  en  route. 

Two  Sitka  ileer,  one  of  which  died  en  route,  were  present^  by  Capl. 
Ferdinand  Westdahl,  of  the  United  States  Coast  and  (ieodetic  Kurvey. 

From  Miss  Helen  Hatfield,  the  daughter  of  Col.  Charl««  A.  V.  Hatfiekl, 
U.  S.  A.,  of  Puerto  Principe,  Cuba,  several  valuable  birds  were  received, 
among  which  were  two  flamingos,  a  roseate  spoouhill,  and  an  ibis.  Two 
Cuban  deer  were  received  from  Miss  Hatfield  and  Miss  Challie  Evans. 

A  Lil>erian  eagle  was  presented  by  Mr.  James  K.  Spurgeon,  United 
States  secretary  of  legation  at  Monrovia,  Liberia. 

Mr.  E.  H.  Plumocher,  Unitwl  Klatvs  consul  at  Maracaibo,  sent  a  large 
crocodile.  Throngh  some  defect  of  dentition  the  animal  was  unable  to  eat, 
and  died  not  long  after  its  arrival. 

Mr.  Solomon  Berliner,  United  States  consul  at  TeoeriSe,  sent  some 
Lanisarotte  pigeons. 

Four  Newfoundland  caril>ou  were  purchase*!  through  the  good  offices  of 
Mr.  Martin  J.  Carter,  the  United  States  consul  at  St.  Johns.  A  pair  of 
young  mooee  were  also  obtained!  through  the  good  offices  of  Mr.  W.  H.  H. 
Graham,  United  States  consul  at  Winnip^.  Theee,  however,  died  shortly 
after  arrival.  'Ihose  fonnerly  received  from  Mr.  Uraham  still  remain  in 
the  collection.  An  illustratioo  herewith  appended  shows  the  advance  in 
growth  of  the  male  moose. 

After  long  an<l  peraistent  efforts  a  single  Rocky  Mountain  sheep  was 
obtained  from  western  Colorado.  It  bore  the  transportation  from  its 
native  haunts  very  well,  and  is  at  the  present  time  in  good  condition.  The 
annexed  representation  of  this  interesting  animal  was  made  for  the  park 
by  Mr.  M.  I.  Keller. 

Most  of  the  States  have  now  enacted  rigid  game  laws  preventing  the  col- 
lection or  transportation  of  mountain  sheep,  mountain  goats,  or  other  rare 
animals.  It  seems  desirable  that  this  le^elation  should  be  so  modiffed  as 
to  permit  the  collection  and  transportation  of  animals  for  the  national  col- 
lection, which  was  founded  with  the  express  object  of  preserving  these  rare 

AspecimenoC  the  comparatively  rare  sea  lion  of  Steller  was  also  purchased. 
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CapL  Wirt  Robinaon,  XJ.  8.  A.,  upd  M.  W,  Lyon,  jr.,  who  went  to  Vene- 
zuela in  the  interefrt  of  the  United  Btatee  National  Mueeuin,  obtained  a 
peccary,  thive  cutiibsowb,  and  four  guane. 

Meaere.  Palmer  and  Riley,  of  the  National  Museum,  obtuned  apedmenB 
of  Cuban  crocodile  and  several  other  animale. 

In  previous  reports  attention  has  been  called  to  the  uif^t  need  for  a 
new  house  for  elephants  and  other  pachydermatous  animals.  The  present 
structure  is  merely  a  temporary  shed,  built  in  an  emerjrenuy,  and  expected 
to  last  but  a  few  years.  It  is  now  in  such  a  condition  that  it  must  be 
strengthened  in  order  to  bold  up  the  roof  and  make  it  safe  for  occupa- 
tion. It  is  extremely  cold  in  winter,  the  temperature  frequently  falling 
to  40°  and  even  lower.  It  will  have  to  be  sheathed  during  the  present 
season  in  order  to  carry  the  animals  through  the  nest  winter.  A  house 
suitable  for  elephants,  rhinoceroaee,  hippopotami,  tapira,  and  other  animals 
of  this  character,  is  conudered  an  essential  in  all  properly  equipped  zoologi- 
cal gardens,  and  it  would  seem  to  be  necessary  to  erect  such  a  structure 
before  any  attempt  is  made  to  collect  animals  of  this  character.  One  great 
< I itiad vantage  that  the  park  has  always  had  is  that  the  animals  were  pro- 
cured before  buildings  wert!  n?ady  for  them.  It  would  eeetn  wiser  to  plan 
and  erect  the  structures  and  afterward  procure  the  animals  for  them. 

The  neetis  of  the  park  with  reference  to  a  suitable  bird  and  reptile  house 
were  mentioned  in  the  last  annual  report.  A  new  structure  of  this  kind 
should  be  built  in  onier  to  keep  the  animals  in  proper  condition.  Many 
snakes  are  lost  from  lack  of  proper  sunlight.  It  is  impossible  to  keep 
lizards  at  all,  and  it  is  useless  to  attempt  to  exhibit  turtles  and  other 
reptiles  under  the  conditions  at  present  prevailing. 

A  targe  cage  for  eagles  should  be  built  in  some  suitable  locality  in  the 
park,as,since  this  bird  has  been  selected  as  the  national  emblem,  it  would 
seem  that  it  should  be  made  an  especial  feature  in  a  national  collection.  At 
present  these  btrtlsare  kept  in  a  rickety  pen,  built  of  scantling  and  covered 
withwirenetting.  Themagnificent harpy eaglefromBrazilisconfinedin the 
low,  temporary  bird  house,  where,  in  summer,  it  is  extremely  hot.  There 
is  no  suitable  cage  for  the  fine  liberian  eagle  received  during  the  present 
season.  All  these  birds  need  a  large  and  commodious  cage  where  there  ia 
sufficient  room  for  short  flights.  Unless  this  is  done  they  are  liable  to 
injure  their  feet  by  pounding  down  upon  their  perches,  ami  many  fine 
birds  have  been  permanently  injured  in  this  manner.  A  similar  cage 
should  also  be  built  for  the  California  condor.  This  great  bird  presents  a 
most  striking  ap|)earance  when  allowed  to  spread  its  vast  expanse  of  wings 
in  flight,  but  when  sitting  upon  its  perch  seemsmuch  hke  the  minor  mem- 
bers of  the  vulture  family.  It  is  expected  that  several  additional  speci- 
mens of  this  condor  will  be  received  during  the  coming  year. 

Another  important  improvement  that  should  be  made  is  the  construction 
of  a  suitable  pond  for  sea-lions  and  seals.  The  large  pond  which  was  con- 
structed for  that  purpose  is  found  to  be  altogether  too  muddy  for  use  by 
these  animals,  as  when  allowed  to  swim  at  will  in  it  they  soon  suffer  from 
sore  eyes.  They  are  ac<'ommodated  at  present  in  small  and  unsatisfactory 
basin"  in  the  old  bear  enclosures  near  the  Quarry  road  entrance. 

Besides  the  losses  by  death  which  have  been  already  referred  to,  several 
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lU 


.VorfA  American  iinrlrt. 

IToaK'hnrn    itiilelupe    {Antiiofopra 

Rocky  Mountain  sheep  lOrii  mwi- 

VlrxInU  deer(  OitocotUat  vlrgtit  toniia  I 
Sitka  deer  {Oaati/Ueta  ealuBibin«at 

Mule  deer {OilnroUtiu  mncralii) 

Cuban  deer  {Odorollfiu up.) 

American  elk  {Orvui  eaitaileutu)  . . 
Woodland  ciulbau  ( Rangljer  mrib-iu 
Newfoundland    caribou    {Rangifer 

Collared  pevenry  llhjftutuitnffulittw 

Oue}ol  {filii  pardalit) 

Puma  I  mu  omwfcir) 

BpoHedljrnittjnurnftMimuiifafai) 
Qtmj  wolf  matiislapui  gfiKu-albat} 

Cttjale  (Omit  lainHt) 

Red  fOi  (  Vulpei  iKHntftvanimt)  . , , 

Arctic  [oi  (t'iif;i«  (ojTripiMi 

BwUtfoi  (  ViUprtivlur) 

Omy  fox  ( IMiciRw  efwrcn-arffrafnuc 
North  American  oiler  (/.ulm  liuil- 

American   badger  ( Tlul/lta    amer- 

KlnkAjou  (TbtoicatirflcufDufuf). 
American  rimt  ml  I  Ila-mrl'iv 
tuta) 


Others  should  be  oientioned.  An  interesting  Bpecimen  of  Bainl's  tupir, 
about  three  mootha  old,  received  from  Lieut.  Roger  Welles,  jr.,  U.S.  N., 
died  about  twenty  days  after  receipt.  When  received  it  was  Buffering 
from  indii^iwtion,  aod  Id  epite  uf  all  efforts  it  never  recovered-  Very  prob- 
ably it  was  taken  too  young  from  its  mother. 

Ad  old  bison  died  fronn  niBlnutrilion,  having  been  sick  and  feeble  for 
some  time.  A  lioncas  died  as  a  coneequenee  of  dtflii-ult  jiarturition.  Two 
Virginia  deer  were  kilted  by  a  savage  buck,  and  four  mule  deer  died  from 
some  defect  of  nutrition.  The  fine  i«bu  bull  prc»ent«d  by  Mr.  Sbtrin,  in 
1891,  finally  Buctiuul)e<l,  apparently  to  old  age.  An  old  elk  and  a  eea-lion 
died  from  the  same  lause. 

Lists  of  the  animals  in  the  park  at  the  close  uf  the  Bscal  year  and  of 
acceaiioiiit  fruni  variuuu  sourcf s  are  hereto  appended. 

Anmalt  in  Nathnal  Xoolopical  Park  June  SO,  1901, 


nued. 

h  A«Kri<a»  iqircieii— Continued. 
iiAllniundl  ( A'tuia  norjca) .. 
4ton  {Prifcyfm Uftor) ....,,,,,, . 


Alwknn  bear  (  Vrna  k|i.  ) 

I-oUr  bear  I  TKalnrrbH.  maritimo 
UtllfornlB  Hen  lion  [Zaluphtu  e<aifor- 

Steller'K  nea,Vim[HaPKriopiattlrUert) . 

Harbor  seal  {PtuieavUtdiaa)... 

L'oiDmon    pocket  gopher   {Qeomyt 
hH/mHaf)  

California  pockel  gopher  (T^norni 
buUiK) 

A  merlcan  lit«vvr  H'mlm  cmuulaudt ) . 
|i  Hulla-conga  (OijirDiHirt  jiifciridd) 
I    VI<icAKb^iek(ArHomvm-mxLr).., 
'  PrairicdiDt((.V>'o«iir«(">t9ru-ia><i« 
L  FoxK|Uirrel  (Sfiuii«B*(w) 

Uray  squirrel  ISciarai  eiaanti) . . 

Mountain  chipmunk  (Tbmfcu  ipec 


16  !   Thlrteen-lined  Hpemiophlle    (Sper- 

6  I       mophilat  IrtdeHnUiitealiu) 

4  '.  Kadlak   ground   squirrel   {Spcrnu>- 

phitus  ciHjttira  kadlakcjitif) 

g  I  BeeehcT't  ground  HI ulrrel  (Sjimiio- 
I      phitat grammunu  bfccheifl) ...i 

1  J  Yellow-headed      ground     Kjulrrel 
J  ;|      {3ptrmapliitui  bmHeaudst) ! 

Antelope  chlptnunk  (SpfmufjihilHt 

2  leucanui - 
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AniraaU  in  Natumal  Zoological  Park  Jutxe  30,  1901 — Continued. 


H  AMHi  u— COD  Hnued. 

JVortA  Amiriean  iipede*— 

Continoed. 

klexlCAD  AfTOuti  [D<uj/proFta  mexi- 

Nonhrrn     larylng     hue     {Lepia 

amerimn»»)  . ,  -  -  ■  ^  - 

Prba  ftnnadlllo  ( TUu  aotrmcinfla),, 
Opomun  (DUMjAgi  rirffinlana) 

Domaticaled  ondfonigB  rpteia. 
Purple-fUTCd  monkey  (SomiopttAe- 

i?ti»  ixplialopleTuti 

Orl  vet  monkey  (OMDpiUfntm'jMD- 

iriridU) 

Malbrouck  monkey  {Cerc^tithfou 

tJpu)Kmu} 

Oreen  monkey  {CtreopOtmi  ealU- 

IrUhiu) 

Macaque  monkey  [Macmut  cyno- 

Bonnet  monkey  fMacarni  linlcut)  .. 
Pig-lalled  monkey  (Maeacia  itema- 
Mhu*) 

Moore mucaque  (JWaeaOHmiiiiriu).. 
BlBck  >pe  {CitmpSlieeia  niger) 

Ape] ]■  monkey  <Clehi»  aprUa) 

Ckpuchin  latiiii capudnui) 

Cebiu,  undelcnofned 

Uon  iFclitIro) 

Tigei  {fW>  ligrat 

t^eopeid  { Fdit  pantus) w , . 

Hpntled  byena  (llyxua<rocvla\ 

WnKhouod 

SL  Bernard  dog 

Ctienpeake  Bay  dog 

Bedllnston  terrier 

Iredfo 

9b  (llrrpalci  Binnffo)  „ 

T»rn  iOaaetUbarbara) 

Red  eoallmundl  (A'aniantCa).. 
Ciab^eatlnE  raccoon  IProcvon 

Sun  bear  ( Vrmi  malananns)  — 
Sloth  bear  (JVelumu  labialia) . 


Inued. 

DomtttieaJfd  and/tffeign  jpLctet— 

European  bedRchoii  (Erimieou  nro- 

P««*) 

Indian  fruit  bat  (PffTOpimiieddn)  ,. 

Wlldlioar(.Su(«rr<^aj  

Solld-hoolcd  pis  ( Hiu  Knifa) 

Whlle-Kpped  pe<!i«ry  (Ib^oMKoW- 

Zebn  ( Not  imlinii) 

Vak  ( PoejAagtu  gniiMirTii) 

Barbary  nheep  ( Ot-ia  tmffriaphua) .... 

Common  s«t  {  Olprahimu) 

(.^hmeregoal  {CUpra hircai) 

Nylghal  iBmrbipkai  tragocaiiirla4) .. 
Indian  anlelope  I  Anttiopfirrvieapn] 
SamburdeerCCtiTutarMolrlti).. 
Philippine  deer  (Otmu  pUSippini—) 

FUlow  deer  (£lana  milgnrii) 

Common  camel  lOunelui  drvntnla 

rim) 

Baotrian  camel  icamtiaibaetrliotsii', 

UaiDt  {Atichenbtgtama] 

Hoiith  American  tapir  ( TbfrfrtuoinrT- 

Indlan  elephant  <  Etephai  iitdiiv. 
Crentecl  agouU  (Dtui/prwiaeTlilata). 
Halry-rumped    aitonU    inuvproda 

prymnotop^).. 
Aiant'H  agouti  ( I> 
Acouchy  ( Datyprofta  atmirhy) . , , 
Golden  agouti  {Datypro<1aa*ruH] 

Albino  rat  (JfwrafhM) 

CrtMed  porcupine  (IIpttrixniMata). 

Guinea  pig  (Qii*iporMlliM) 

Englbdi  nMiltiljtpiumnlitilut)... 
Six-banded  armadillo  {DatypHttr. 

Great    gray    kangaroo    fXacropia 

Bruah-Iailed  roek  kangaroo  (Mm- 
gale  pntiriUata). . . 

Road  runner  (Oeoeoavx  eaH/»rnla- 
""») 

Su I phur-r rested  coekaloo  (Qirofua 
gnlrrila) .. 
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b:  KM— continued . 
headbeMer't  cockatoo(  OnmJua  leort- 

RoMBle  cockatoo  (CbcoJua  ntteiea- 

Vellow  and  blue  macaw  (j4m  ara- 

Red  and  yellow  and  blue  macaw 

Bed  and  blue  niacaw  {Ara  CjUonip- 

Carollna  piiroquel  ( CbnHnu  ramU-  I 

Yeltownaped  amauiii  (AKuaoua  i 
aaTopaUlalni  

Ifutocephalaj  —  I 

Double  yellow-head  (^nuuoHaora-  i 

Irix) 

Mealy  amaion  {Amuima fariimn) . .\ 

Barred  owl  |%rnium  nrbutoaun)....' 

Bam  owl  (Srix  praiiimola) ' 

Bald  eagle  ( Hattxetu*  1; ucofcp/io/iu) . 

Harpy  ragXe  (ThToaaiu  karvyia) I 

Golden  eagle  {Aqtiiia  ckryirtot} 

Crowned  hawk-eagle  (i^i{ia«iu  cor- 

Red-tal led  hawk  (BiOeibotealit).,,.' 
Sbarp-nhinned  hawk  {AceipUervdoi) 
Pigeon  hawk  ( /lilfu  crXunAariiu) ...; 
CalllOmla  condor  {Qymnogvp'  to^i-  I 

Somiaa  «■) | 

Turkey  vulture  (Cottarta  oiiro)  ...J 
Black  vn\late{CaiharMaaJinUa).... 

King  vulture  («Min(n«  papa) 

Lanzatolle  pigeon  {Colamlia livla) .. 

KInjtdove  (Cli(nn)6upaIuniAu<) | 

Chachalaca  ( Orfaii*  reluto  mivTallii\.  ] 
Red-tailed  guan  {Ortallt  riyfrnado) . 
Rutoua-bellled  guan  (PtmIujm  nit- 

taW) ! 

Red  billed  curanow  (Cnu  rarun- 

Daubenton'i  cnnuaow  (LVoz  dau- 
bmUmi) 

Lener  raior  billed  curanow  (Jtfilua 
lomtmUna) 

SU  1901 8 


Bi  iin— continued. 
Wild    turkey    (Mdeagrii  gaUopam 

/en") 

Pea  fowl  {Pavo  ctitbitHt) 

VHlley  partridge  {Caliipepla  calffor- 

nienralliaila) 

Mount«lnpartrtdge(Orror<v*pfrtiu). 

Sandhill  erane  {Qnumaicana) 

Whooping  ciane  lOnuaniericana)  .. 

nreen  heron  (Ardca  riracmi) 

Little  blue  heroti  {Ardea  candra'i . . . 
Great  blue  heron  (^rd«a  herodita)  ^^ 
BlHCk-crowaed  night  heron  {NycU- 

cOTOX  nj/diconu  njcctns) 

Scarlet  Ibis  { Gaora  rtiftra) 

While  Ibis  <0uaraaJia| 

Boalblll  (OKiUearJiucorA/rarfiu).... 

Roeeale  Apoonblll  {Ajajanjaja} 

American  flamingo  (naaicopleria 

Trumpeter  nvran  {Olorbucciiialorj... 
WhlalUng  swan  tOlorrvlnmbiimw).. 

Mute  swan  {Cygnut  gO/lmt) 

Brant  { BraiUa  bemicia) 

Canada  goose  {BraiUacanadnHUi  .. 
Hulchint'sgooee  ( £ntnla  canoilcnni 

AuleAfnrtl) 

Chlaeae  gooie  (AmiT  q/gturidci) 

Mandarin  duck  IDrndnmtHa  galer- 

Plniall  IDaJOaaeata) 

Peklnduck(.rfiuusp.) 

Mallard  duck  {AiKUbotchai) 

Common  duck  {Aniubotchat) 

American  tree  duck  (DemtroTf/gna 

ttlrcoloT) ^  - .  -  -  - 

Ataerlcan  white  pelican  {Pebraaiu 

CTyHirorhfinlioi) 

Brown  pelican  (Frkcanni/titait) ... 
Florida  cormorant   ( PAo/oBTiTOrat 

dil'iphut  fioridaniH] 

Snake  bird  iAn/ilngaanliinga) 

Common  rhea  (itA«i  americanu)  .... 

CoAsowary  |  Quuariua  gaUtUm) ...... 

Emu  ( Dromatu  noas-lwllandir) 

Alllgalor  (AUigatormiatnii'ppiemti). 
Cuban  croct>di1c  {Ctocodittu  rlmmbi- 
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Faluled  turtle  [Chryiaayi pitia)  ... 
Miink  turtle  {AroBVKhetgt  ixiorala) . 
Mud  turtle  (CfiUHtemnm  jmimirii'a- 


Gophei  turtle  iXenibalnjntyplamK 
Box  tortoise  (CTMiufa  eaniiuai.... 
Three-Iocil  box  lorlolsc  |  CtitHdo  In 


B  mil  linn  to 
Clouded  1^1 
AlllKHtor  lizard  (.SvTar. 
Homed  llairtl  (/Wrffiir 


TVrfHdn  labularn).' 


B IPTI LKS— eonll  n  lied. 
Dlnmond  nlUeaiiBkc  (Oodiliuada- 

manlrtai 

Copperbesd  [AnclilroilnH  amloiiriz) . 


Annc^dA  iEtairriemnurittna) 

Bull  niBkc  {Filgiiihu  lagl  tagi) 

Black  Kniike<£aK«NfNnMnH(rMin-), 

KmgiJMtetOpiilboliagelHlut) 

Uoii II IBln  black  snakvCU/lNhroAw- 


iiako  IKHUrulailrlallt) 

utke  (Nalrii  niiriinH) 

ed  wiake  (Iltlciodon  jitafii- 


Oupher  Miake  (Nji/tofei  ■ 


for  the  Jucal  year  ending  Jatu  30,  1901. 
I>RE8KNTED. 


N 

ame. 

U>„or. 

'ber. 

M«lhr<.uck  n 

onke 

Ueul.  Roger  Welles,  Jr..  U.S.N 

BInvk  spider 

monkey 

E.  S.  CunulDgham.  United   gtali»   (.■oiisul.  Aden. 
Arabia. 

Rear-Admlral  J.  «,  Walker, r,a,N 

ThonisB  W,  Cridlcr,  Third  Assistant  Secrelary  ol 

Frank  U.Sbaible.Fiucporl.Ill 

K.liv«rd  Foiaud  JohiiTurnbull,Ca«novi«,K.V.. 

coyole ..,. 

Do 

Kinkajou.. 

E.  A.  Newman,  Washii«ton,D.C 

RapbaelKoenier.Washington.D.C 

Guayaquil.  Ec^uador. 
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for  thtfiteiU  year  ending  June  SO,  I90i— Continned. 

ANIHALS  PRBSENTED-CoiillQued. 


IIUII«. 

DOBOI. 

ber. 

Rucooa 

BJukbeu 

HubOTNSi 

Opt.  Ferdluand  Westdalil,  U.  S.  Cout  udGeodetlc 

Uin  Helen  HaUletd  >iid  UlnOullle  Evans,  PueHo 
Prlndpe.Cub.. 

Bitk.  H-.r* 

Spennopblle 

KngUahnbbtl... 
CoDure 


Oreat  bonied  owl . 
Bam  owl 


Do... 


^harp-oblnned  haw  I 

Turkey  vulluro 

Ifdianille  pigeon. . 

Bed-lBlI«l  RUHd 

Nlgbt  heron 

LiUleblue  heron... 

Whllelbls 

Do 

Roaealespoociblll.. 


American  anprey 

Plseonbawk 


a.F.  Fuale.Waah<nBtoD,D.C 

Samuel  BnB,Waabingtoii,D,C 

IIiHLockwood,W«sh<n«lon,D,c 

R.L.HcGulre,  Washington.  t>.C \ 

R.H.BaIsenI.  IT.H.UcologlcalHuiver 

UimOlgaSmollaninon.Washlngton.D.C , 

Mln  Florence  Slerena,  Washington,  D.C 

Hn.  Mary  O.  Clarke,  WaihlnKian,D.C i 

J.  P.  Miller,  Washington,  D.  C 

E.W.  Stork.  Washington,  D.C 

W.F.  Potts,  Wublngton.D.C I 

J.C.YoM,WashliiftUm.D.C ' 

Clarke  Mlddlelon,  Washington.  D.C 1 

A.II.(Iicbotson,Orlando,Fla 


N.R.  Wood,  Washington, aC 

J.UP.Ke1lan,Ca|ieCbules,Va 

W.W.Hottoo,TtitPl«lnB,Va 

E.M.  Duncan, Sanibel.ria 

J,  R.  apiirgeon.  United  States  SecrelaiTolL^atlon. 
Monroila.  Uberla. 

W.  R.  V.  Clayton,  Annapolla,  Md 

Im  Brink  and  A.  D.  Avery,  Mlddletovtu,N.Y 

Miss  Mabel  Keenan.  Brentwood.  D.C 

Mn.Anderaan,Waabington,D.C 

DoDor  unknown 

Henry  and  Oeorge  Marshall,  Laurel,  Md 

E.  8.  Schmid,  Washington,  D.C 

Solomon  Berliner.  United  Stales  Consul,  Tenerifle . 

E.sbunk,LBGuaira.Veneiiiela 

A.  H.NicholaoD, Orlando,  Fla 


Hin  Helen  Halfleld,  Puerto  Principe, Cub*  .. 

A.  H.NIcbolwn. Orlando,  Fla 

Mlfp  Helen  Hatfield,  Puerto  Principe.  Cuba . . 

do 

A.M.  Nicholson, Orlando,  Fla 
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LiM  of  arvtmina  fiir  (hefiecol  year  ending  June  SO,  1901 — (.'>ontinupil. 
ANIMALS  PBESENTBD-CDtillnued. 


Name. 

Donor. 

'^' 

Sharp-nmed  crocodite 

E.  H.  Plumwjber,  Unlled  SLat«i  Conml,  Mamralb... 
VenetuelB. 

WilliB  Lanier,  WMhlHKton.p.C 

Capt.JohnSii«w,W«*hingt4)n,D.C 

John  H.BriiW.  Clinton.  Mo 

P.»Mto.t«,o.. 

E.Heycnber8,Pecoii,Tex 

John  V.Delwiier.  New  Smyrna,  FIs 

.          .       . 

R.O.  Paine,  Washlnglon,D-C 

Mi«iJe«le  Rnberui.  Potomac,  Md 

E.T.Carrlco.Stilhlon.Ky 

J.Aiihbuch.Je«iup«,Md 

aarlermalie 

Do 

E.T.Carrico.Stithton.Ky 

ANIMALS  LENT. 

Pl|;-lall€d  monkey 

Capuchin 

Red  and  blue  maw.w 

Vellow-naped  amaajii 

C.J.TrevUl.Wathingtoii.D.C 

W.P.M.KIng,WaBhinKH)n.D.C 

Thoa.  W.  Cridler.  Third  Assl^lant  Si-crclary  of  iilale . 

M.C.Roe8Sle,Wa8hington,  D.C 

T.M.Kudd,Wg»hinglon.D,C 

Thos.  W. Cridler,  Third  A»-manl  Secretary  ol  State . 
Mn.  A.  B.  Williams,  Washing  Ion.  U.  C 

ALS  RECEIVED  IN  EXCHANliE, 

' 

,m 

Purple.fftced  monkey 

E.9.S<'hm!d,Wa«lilnBWn,D.fi 

Cebua.unddvrmined 

E.S.Schmid,Waahlnglon,D.C 

Black  bear 

Indian  anie lope 

BruBh'lalled  roi'k  kangaroo 

E.  8.  Schmid.  Washington.  D.C    

do 

Batredowl    
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far  IheJiMxd  year  ending  Jane  SO,  7907— Continued. 
ANIM AI£  RECEIVED  IN  EXCHANUE— Continued. 


BaldeaclE KH.BcbmId,  WajhlnKlon,D.G  .. 

Red-Ullcd  h»wk I do 

KIdr  vulture [  P.  C.  BUBlorb.  BilUmoie.  Md 

Wild  turkey ;  E.S.SclimId.  Wasblii«ton,D.C  .. 

Canada  gooae ' do 

Bullan&kc do 


Animals  pu,Tcha»ed  and  coUeiieil. 


Guinea  baboon  f  Papio  tphinx) 

Ortilot  (Frf«ponW«) 

Swift  fox  ( Vidpen  ivloi) 

American  olter  {laiira  hud»onifa) 

American  baiigcr  ( Taxidea  americanu) . . 

Cacoiniiitle  ( Battaritm*  lutvta) 

Black  bear  (  Vrem  at 
Cinnamon  bear  ( I'rmu  at 

Alankon  beiLr  (  Vrsus  sp. ) 

Steller'B  eea  lion  (Hametojiia*  ttdleri) 

Collared  peccary  (Tayamn  angiUatiui)  

American  bison  ( Buon  americama) 

Rocky  Mountain  ehtep  {Ovis  tanadenm) 

Prong-horn  antelope  ( Antilompra  americana) 

Vir|;iniH  deer  {Odocinieue  virginiamu) 

Mule  deer  (Odvcoihag  maerotit) 

Newfoundland  caribou  (ftinjfiftr  nuvte-lerrre) 

Moose  {Alrti  americatnu) 

lilack  squirrel  (SetKmg  njifreas) 

UichanlBon's  spennophile  (SpermopkUtu  riehardjumi) 

Kadiak  gpermophile  (Spfrmophiltui  empHra  kadinknuiit)   . 

("anaiia  porcupine  {Elretkiwn  dtyr»at«») 

Three-toed  sloth  {Bradifpue  Iridadylm) 

Great  homed  owl  {Bubo  virginiania) 

Barred  owl  (^^n^iuni  ttdndotum) 

Bald  eagle  ( lltditeetiu  leurotephalus) 

Ked-ttuled  hawk  {BvUtr  bomilin) 

Black  vulture  {Calliarinlii  alnila) 

Red-tailed  guan  ( OrlaiU  ruficauda) 

Uaubeiiton'H  ciiruatow  ( Cmx  daubentoni) 

Sandhill  crane  ( Gnu  tnfjdcana) 

Great  blue  heron  (Ardea  lierodian) 

Emu  (Dromieai  iwiur-AoWundue) 

Cuban  crocodile  {CrocodUut  rkombifer) 

Brazilian  tortoise  (TeOuilo  UilnilaUi) 

Common  boa  {Boa  coiitlrielor) 
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Animal*  bom  in  the  National  Zoological  Park. 

Lion  (Felit  ko) 1 

Gray  wolf  (OanU  lupui  gritto-aUm*) i 

Coyote  (Omiilolron*)  6 

Blue  (ok  (  Vulpa  tagoput) 5 

American  bison  ( Binon  atnericamu] 1 

Zebu  (Bo»«idictM) 1 

CbsIi mere  goat  (Oipm  hircug) 2 

Nilghai  {Botelaphut  tragoeamtlut) '1 

American  elk  ( Certmi  oatiadeiwi*) 7 

Vit^Dia  deer  ( Od^tcoilau  virffinianiu) 1 

Mule  deer  ( Odocailevx  macrolit) 1 

Llaina  (Auchenia  glama)  3 

Hutia-conga  { Capromyi  piloridfA) 7 

Prairie  dog  ( (^noinjw  liidonanmu) 5 

Acoiichy  (Dagyprocia  acouchy) 2 

Animals  on  htuid  July  1,  1900 839 

Acceasione  during  the  year 318 

Total 1,157 

Deduct  loee  (by  exohauge,  death,  and  returning  of  animals) 279 

On  hand  June  30,  1901 878 

Respectfully  submitted. 

Frank  Bakbb,  SupfrinlauUnt. 
Mr.  S.  P.  LANaLBV, 

SeerOary,  SmiUuoniati  IiutllvHtm. 
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REPORT  OF  THE  WOkK  pF  THE  ASTROPHYRICAL  OBSERVA- 
TORY FOB  THE  YEAR  ENDING  JUNK  30,  1901. 

Sir:  The  kinds  and  ainonnte  nf  the  Obeervatnry  pro|>erty  ate  appmxi- 
mtUely  as  (ollows: 

Buildings 16,300 

AppartttUK 31, 300 

Library  and  Kcordii 5, 800 

Total 43,200 

Daring  the  pant  year  the  ai-quiMitions  of  property  of  the  kinds  just 
ennmerate^l  have  been  as  follows: 

(a)  AppaToltu. — Astronomical  and  phyncal  apparatus  haa  been  pur- 
chased at  an  expenditure  uf  $1,300. 

(b)  lAliT'iiT)  and  TtfOTih. — The  uxiial  periodicals  have  been  continuf  d, 
and  various  books  of  refereni-e  hare  1>een  purcbasoil  at  a  total  eost  o(  {200. 

Total  acceeeions  of  property,  (1,500. 

The  Observatory  inclosiire  has  been  enlarge<l  to  inclu<le  alxiut  11,000 
sqaare  feet,  as  at^inst  less  than  6,000  square  feet  foniierly.  The  cost  of 
fencing  the  groundH  as  ttius  enlarged  was  (400. 

Loeses  of  property  have  l>eeii  slight,  and  consist  in  the  usual  wear  and 
tear  and  breakage  of  apparatus,  amounting  in  aggregate  to  (50. 

Thb  Work  op  tub  Obsrrvatory. 

For  convenience  the  work  o(  the  Observatory  niay  be  described  under 
the  following  headings: 

1.  Publications  and  miscellaneous  work. 

2.  Progress  of  investiKatiuns, 

3.  Eclipee  expedition  to  .Sunmtra. 

(1)  Publindioiig  and  niinerlliuimuji  icork. — As  wag  stated  in  my  last  year's 
report.  Volume  I  of  Annals  of  the  Astrophysiial  01»iervatory  was  then 
being  issueil.  Owing  to  diHii-ulty  in  oblAining  satisfactory  reproductions 
of  Plate  XX,  the  actual  distribution  of  the  edition  was  <lelayed  while  fur- 
ther efforts  were  made  to  improve  this  plate.  New  copies  of  it  were  pre- 
pared and  submitted  to  the  engravers,  and  it  was  only  in  March  and  April 
of  the  present  year  that  the  eilition  was  linally  hound  up  anil  distributed. 
lu  the  effort  to  include  as  thoroughly  atj  possible  the  names  of  those  to 
whom  the  book  would  be  valuable,  considerable  time  was  spent  in  prepar- 
ing the  mailing  list,  but  it  is  even  yet  possible  that  some  |>ersons  much 
interested  in  astrophysical  work  may  have  been  overlookoi  by  inadvert- 
ence, but  as  there  still  reniainH  a  part  of  the  edition  applications  for 
copies  will  still  be  considered  here. 

UK 
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Inasmuch  aa the  Aid  Actinf^in  Charge  iit  also  th«cusU>dian  of  thephyriual 
apparatus  o(  the  Smithsonian  Institution,  he  was  I'onoemt^  in  the  littinK 
up  of  the  new  instrument  room  in  the  south  tower  of  the  Smithsonian 
building,  and  in  the  arrangement  of  the  apparatus  Itiere. 

A  considerable  amount  ot  the  time  of  the  Junior  Assistant  was  occupied 
in  the  preparation  of  enlat^ged  i«preeentations  of  the  holographic  results 
appearing  in  Volume  I  of  the  "Annate"  tor  use  by  the  Secretary  in  deecrih- 
ing  these  results  to  various  learned  societies,  and  also  for  exhibilJon  at  the 
Buffalo  Exposition.  * 

(2)  Progreta  of  init»ligation»—Adjuamml  of  apparatut.— From  my  last 
year's  report  it  will  be  apparent  to  how  great  an  extent  the  Observatory 
apparatus  was  removed  to  North  Carolina  for  use  in  observing  the  soUu' 
ecHpae  of  May,  1900.  It  will  therefore  be  understood  that  no  little  time 
was  consumed  in  again  setting  up  and  accuistely  adjusting  tbe  app«uatu8 
for  work  here. 

Radiation  of  the  moon— The  first  obeervatJons  made  were  upon  the  radi- 
ation of  the  moon.  These  observations,  whose  general  result  was  given  by 
anticipation  in  last  year's  report,  in  connection  with  tbe  discussion  of  the 
bolometric  work  on  the  corona  during  the  eclipse,  called  renewed  attention 
to  the  fact,  so  apparent  in  your  bolometric  work  at  Allegheny,  that  much 
the  larger  proportion  of  the  radiation  we  receive  from  the  moon  is  the 
radiation  proper  of  the  lunar  soil  rather  than  the  direct  reflection  of  solar 
rays,  but  that  this  properly  lunar  radiation  varies  exceedingly  in  amount, 
depending  on  the  amount  of  moisture  in  our  atmosphere.  Thus  the 
directly  reflected  portion  of  the  whole  lunar  radiation  received  at  the 
earth's  surface  may  vary  from  20  to  40  per  cent,  according  as  our  air  is  dry 
or  humid.  It  may  be  mentioned  that  certain  similar  observations  made 
by  the  Aid  Acting  in  Charge  while  upon  the  eclipse  expedition  to  Sumatra 
indicated  that  quite  40  per  cent  of  the  lunar  rays  received  in  tlkat  moist 
climate  are  those  directly  reflected  from  the  sun. 

Inlramercurial  phnel*. — Inasmuch  as  the  results  of  the  photographic 
search  tor  new  planets  conducted  at  the  eclipse  of  May,  1900,  were  fully 
described  in  last  year's  report,  it  will  be  unnecessary  to  refer  to  them  here, 
more  than  to  say  that  the  comparison  and  reduction  of  the  eclipse  photo- 
graphs for  this  purpose  really  formed  part  of  the  work  of  this  present  year. 
It  was,  however,  deemed  desirable  to  again  photograph  the  same  region  of 
sky  with  the  lens  employed  at  that  eclipse,  and  apparatus  was  set  up  and 
used  for  this  purpose  in  January  of  the  preoent  year;  but  satisfactory 
results  had  not  l)een  obtained  when  it  became  necessary  to  send  the  appa- 
ratus to  Sumatra. 

CalvanomfUr. — The  sensitive  galvanometer  mentioned  in  my  last  year's 
report,  an<l  from  which  the  gruato^t  usefulness  is  expecteil,  has  absorbed 
conwiderable  attention;  and  although  progress  has  not,  owing  to  other 
occupations,  as  yet  passed  beyond  an  experimental  stage,  it  is  yet  so  satis- 
factory as  to  deserve  a  preliminary  notice.  By  way  of  introduction  atten- 
tion is  drawn  to  the  distinction  between  the  computed  sensitiveness  of  a 
galvanometer  and  its  actual  or  working  sensitiveness.  In  the  older  prac- 
tice of  perhaps  twenty  years  ago  the  most  sensitive  galvanometers  had 
needle  systems  of  several  hundretl  milligrams  weight,  and  they  were, 
owing  to  their  great  inertia,  customarily  used  with  a  time  of  single  swing 
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as  great  as  <«□  or  even  twenty  Reconils.  Thus  it  became  customary  in 
describing  the  Bengitivpneas  of  a  gaivanonieter  to  refer  ita  Bensitivenesa  to 
a  time  of  single  swing  of  ten  Bemnds.  Within  the  past  derade  the  gal- 
vanometer needle  sysleiiis  of  highest  sensitiveness  have  become  relatively 
microscopic  in  size  and  now  frequently  weitth  no  more  than  one  or  tioo 
Ihoafondihi  oj  a  grnm  ((«-o  /<*  four  millionth*  of  a  pound).  These  aysteme 
are  often  far  more  seneitive  with  a  time  of  single  swing  of  only  one  or  two 
seconds  than  the  best  galvanontetent  of  twenty  yeara  ago  at  a  time  of  single 
swing  of  twenty  seconds.  With  a  needle  systejn  practically  undamped 
either  by  air  reeiBtance  or  induction  currents  the  sensitiveness  ia  propor- 
tional to  the  square  of  the  time  of  Hwing,  so  that  the  sensitiveness  of  a 
needle  system  at  ten  seconds  single  swing  would  on  this  basis  be  a  hun- 
dred times  that  whi<'h  it  would  have  at  a  one-setwnd  swing.  Thus  it  arises 
that  the  computed  sensitiveness  of  these  light  systems  runs  perhaps  thou- 
sands of  times  as  great  as  that  of  the  systems  of  twenty  years  ago.  But 
it  must  nut  be  forgotten  that  owing  to  the  increased  disturbance  from 
mechani<«l  jarring  and  to  the  extreme  potency  of  air  resistance  with  these 
light  systems  they  can  not  in  general  be  usefully  employed  at  even  half 
so  long  a  time  of  single  swing  as  ten  seconds;  and  in  the  second  place,  if  it 
were  indeed  possible  to  use  them  at  a  ten-second  swing,  it  would  be  found 
that  the  sensitiveness  was  perhaps  not  more  than  ten  instead  of  a  hun- 
dred fold  greater  than  at  one  second.  Thus  comparisons  of  Bensitiveness 
bised  on  a  ten-second  single  awing  are  entirely  unfair  to  the  older  instru- 
uients,  which  could  be  and  were  employed  at  the  time  of  swing  used  as 
the  basis  of  coinparisun,  and  hence  had  a  working  sensitiveness  far  more 
nearly  comparable  with  that  of  the  present  day  than  their  computed  sensi- 
tiveness would  indicate.  In  consequence  of  this  unfairness  it  has  r«rently 
become  common  to  speak  of  the  sensitiveness  at  ten  seconds  doiibU  swing, 
a  condition  at  which  galvanometers  are  now  sonietiines  actually  used.  At 
this  Observatory  this  change  of  the  basis  o(  comparison  faaB  not  heretofore 
been  adopted.  It  must  not  be  inferred  from  what  has  been  said  that  the 
advance  made  in  the  last  twenty  years  in  the  construction  of  galvanom- 
eters is  belittled,  fur  the  reduction  in  the  time  of  swing  for  the  same 
degree  of  sensitiveness  is  a  moat  valuable  saving  in  time  and  chances 
of  error,  and  for  automatic  recording,  as  in  Ixilographic  work,  is  wholly 
indispensable. 

In  the  past  two  yeais  the  design  of  galvanometer  needles  has  been  a  eub- 
je<rt  of  much  investigation  both  experimental  and  theoretical  at  this 
olieervatory,  and  it  is  believed  that  the  results  arrived  at  mark  practically 
the  limit  of  proliable  progresj  in  the  way  of  obtaining  sensitiveness  at  a 
given  short  time  of  swing  of  a  needle  system.  Sy  this  1  mean  that  it  la 
improbable  that  a  galvanometer  tan  ever  be  constructed  of  a  given  resist- 
ance which  when  einploye<l  at  one  i<eitond  time  of  a  single  awing  shall  give 
very  appreciably  greater  deflections  for  given  currents  than  wilt  such  a 
galvanometer  as  can  lie  constructeil  with  the  aid  of  the  knowledge  now 
attained  here.  In  other  wonls,  the  time  lor  increase  of  computed  sensi- 
tiveness by  lena  an<l  hundreds  of  times  with  each  newly  constructed 
instrument  has  passed  away.  In  what  has  been  said  1  do  not  wish  to 
claim  peculiar  advantages  forourgalvanometer,  fori  understand  that  boih 
in  this  country  and  abroad  practically  the  same  results,  as  regards  eom- 
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puted  aensitiveneait,  havt;  recently  been  reached  by  several  phyeiciBte 
independently,  which  strengthene  the  view  that  little  further  advance  in 
thie  direction  is  likely. 

But  the  useful  or  working  seneitivencM  of  a  galvanometer  is  another 
matter,  and  by  the  eyBteiii  of  support  and  inajinetic  xhielding  described  in 
my  last  year's  report  great  ailvantage  has  been  gained  in  this  already,  and 
etill  betU>r  reniillH  are  hoped  for  by  Btill  other  improvements.  T^et  me 
i^le«rly  indicate  bow  progrcai  in  working  MMisitiveness  may  he  conmHtent 
with  astandHtill  in  computed  sensitiveness.  The  spot  of  light  reflected 
from  the  mirror  of  the  galvanometer  needle,  which  should  be  quiet  when 
no  current  is  being  ohoerved,  is  always  making  slight  excursions  upon  the 
stale,  awl  these  fluctuations  prevent  readings  of  current  defle<'tionH  to  be 
moile  of  lexH  than  a  certain  minimum  amplilu<le,  for  tbey  then  become 
in<listingtiisliable  among  the  ocfidental  deflections  just  mentione<l,  I.«t 
us  now  suppose  that  Iheaverageofanidental  deflections  shotdd  be  reduced 
by  better  elimination  of  gn>un<l  tremors  and  magnetic  fluctuations  from  a 
millimeter  to  a  tenth  of  a  millimeter  on  the  scale,  then  it  is  apparent  that 
ten  times  the  working  sensitiveness  is  attaineil.  But  let  ub  suppose  that 
further  improvement  in  these  respe<-ts  is  found  poffiibte.  It  is  hardly 
practirahle  to  read  the  position  of  an  orttinary  spot  of  light  more  accu- 
rately than  to  the  nearest  tenth  nnllimeter,  so  that  little  progress  would 
ilirectly  result,  hut  the  time  <)f  swing  of  the  needle  might  lie  profilat>ly 
increased.  Then,  however,  the  effect  nf  air  damping  would  booh  become 
so  prejudicial  as  to  stop  advance. 

We  are  now  in  iNieition  to  state  generally  the  methods  employed  and 
the  results  attaine<l  and  hoped  for  here  in  this  matter  of  increasing  the 
working  sensitiveness.  The  aim  of  all  efforts  is  to  make  it  iKissible  to  read 
deflections  to  a  tenth  of  a  millimeter  on  n  sc&le  at  ^  meters  with  an  actual 
time  of  single  swing  of  ten  seconds. 

In  the  flrst  platv  it  has  licen  sought  to  reibice  the  mechanical  tremors  of 
the  galvanometer  due  to  the  city  traffic;  and  for  this  purpose  the  elaborate 
|iier  anil  suspension  system  descrilieil  in  my  lost  year's  report  was  con- 
structed. In  theseconil  place  it  has  I>een  attempteil  to  reilucethe  prejudi- 
cial eflecis  of  these  anil  other  inei'hanical  disturbing  factors  which  still 
remain  to  jar  the  neeille  itwlf.  To  fully  understand  what  lias  been  planned 
for  this  purpose  it  should  1k«  stated  that  in  addition  to  such  mechanical 
tremi>ni  as  have  already  been  referreil  to,  it  han  been  founil  that  tbe  sound 
waves  sent  out  from  i-uncussions  of  various  kinds  are  able  to  seriously 
affe<-t  the  steadiness  cif  the  neeille.  These  sounil  waves  can  travel  into  the 
gah'anometer  case  to  jar  the  needle  despite  any  system  of  support,  and  the 
iinly  way  to  avoid  theni  is  to  exhaust  the  air  in  tbe  galvanometer,  ho  that 
i>ur  new  cases  are  of  air-tight  i 'on  struct  Ion.  The  exiianstion  of  the  air,  in 
addition  to  preventing  disturbance  by  sound  waves,  also  vintfn  the  gemi- 
lUtiieM  iifarlg  jiroportitiiial  tii  llf  fjiinrf  of  limfof  mi-ing  of  flif  nreillf,  so  that 
it  is  no  longer  so  unjust  to  use  a  ten-second  time  of  single  swing  as  the 
basis  of  comparison.  But  in  addition  to  securing  exhaustion  of  the  air  as 
a  means  of  reducing  inei-hanical  tremors,  another  device  has  been  found. 
The  experimental  and  theoretiial  investigations  of  needle  systems  almve 
alluded  to  have  indicateil  a  melhoil  of  constrnctiou  by  [neana  of  which  the 
ntighl  of  the  needle  tgtient  can  he  largely  iiicreiined  unlhuul  diminiihing  Ike  cum- 
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puttd  KiMtiventu,  bo  that  in  this  way  the  mechanical  distil rbancee  of  aonnd 
and  ground  tremors  which  reach  the  galvanometer  rase,  being  compelled 
to  influence  a  larger  nuiBs,  will  produce  a  lew  prejudicial  effect  upon  the 

It  haK  also  been  Bought  to  reduce  magnetic  disturbances  of  the  neeille  l>y 
the  eyxtem  of  magnetic  shielding  dei«rrilie<l  in  my  laxt  year'n  report. 

The  apjilication  of  these  several  devices  han  as  yet  procee^leil  only  so  far 
as  IB  described  in  what  follown;  Several  different  ByHlenis  of  only  0.0019 
gram  weight  have  been  tried  in  the  galvanometer  with  the  arrangements 
of  support  and  ehieldingalready  described,  but  not  with  the  air  exhausted, 
and  it  has  been  found  that  up  to  times  of  single  swing  of  two  seconds  the 
average  acci<lental  deflections  on  a  Brale  at  3  metera  do  not  exceed  0.1 
millimeter,  and  the  time  of  swing  has  actually  l)een  raiseil  to  ten  seconds 
without  excessive  disturliancex.  The  effe^'tivetiess  of  exhaustion  of  the  air 
to  make  the  sensitiveness  proportional  to  the  )M]uare  of  the  time  of  swing 
has  been  studieil,  and  these  studies  thougii  not  com|ilete  indicate  that  for 
air  prt«Bures  of  leas  than  1  millimeter  of  mercury  this  relation  will  be 
approximately  followed. 

A  "heavy"  needle  s\-8tem  of  0.015  gram  weight  is  in  process  of  con- 
struction, whoNe  computeil  sensitiveneHs,  it  is  lieliev<-d,  will  ei^ual  or 
slightly  exceed  that  of  the  liglit  systems  alreaily  tried,  while  its  sl^adiiiess 
will  be  much  greater. 

The  most  sensitive  "light"  neeilte  system  usetlgaveat  1.5  seconds'  single 
swing  in  atmospheric  pressure  a  deflection  of  1  millimeter  on  a  siale  at 
1  meter  in  a  galvanometer  of  1.4  ohms  reslHtance  with  a  current  of 
lenttimnt  amperes.  The  damping  was  then  so  exoi-wtive  that  the  sec- 
ond swing  was  but  -^  the  magnituile  of  the  first.  If  the  hopes  now  reason- 
ahly  entertained  are  realizi"d  thf  "heavy"  needle  laii  l>e  effe<rtively  use<i 
at  ten  secondH'  single  swing  in  vainnnn,  with  a  scale  at  3  meters,  and  a 
current  of  ijimtituBttn  amiH^res  will  in  actual  practice  give  a  deflection 
of  1  millimeter,  and  it  is  [tossihle  that  a  current  of  joasitii^inseitiiii  amtN'res 
can  be  detected.  Such  a  working  sensitiveness  as  may  thus  \>e  exptwted 
would  exceed  that  employed  in  taking  the  iMilographs  of  1808  by  5,000 
fold,  taking  into  account  the  ratio  of  the  galvanometer  resistance  employed. 
The  gain  of  working  sensitiveness  now  actually  attaineil  in  preliminary 
ex|>eriment>i  is  no  less  than  a  hundredfold.  If  the  fiftyfolil  further  gain 
hopeil  tor  is  actually  accoinplishe<l  the  field  i)f  renearch  thus  opened  is 
enormous,  so  that  1  r^ard  these  improvements  In  the  galvanometer  as 
now  the  first  consideration.  It  is  greatly  to  be  rcgrelte<l,  however,  that 
owing  to  the  unfortunate  situation  of  the  oliservatory  in  the  midst  of  city 
disturlian<-e«  the  difflcultieo  to  be  overcome  are  so  lai^.  In  this  connec- 
tion, I  venture  to  express  the  hope  that  the  change  of  sile  of  the  ol>Ber\-a- 
tory  contemplated  in  your  former  re  [xirts  may  some  time  lie  accomplished. 

Pergonal  equation  nppamtus. — A  portion  of  the  time  of  tlie  Junior  Assist- 
ant has  been  employed  in  the  testing  of  an  apparatus  of  your  own  design 
to  eliminate  personal  equation  in  time  observations.  These  experiments 
are  not  yet  completed. 

Abnorplion  aj  the  tolitT  almo»pliert. — An  invealigation  of  the  absorption  of 
the  solar  radiation  in  the  sun's  atmosphere  has  iH-en  l>eKun,  A  large  solar 
image  ia  formed,  and  boi<q{raphs  are  made  at  |>ointe  near  the  center  and 
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edf^of  thesun,  respwtiveiy.  Preliminary  exiierimenteiniiicfltuanabfuirp- 
tion  ]iro};n;aBively  inoreasing  toward  the  Bhorter  wave  lengths,  w>  lliat 
uutves  taken  with  equal  shl  wi<)tha,  while  of  nearly  e<|ual  liei)i;ht  at  aln>ut 
2  M,  would  exhibit  nearly  twice  8«  much  ener^  from  ttieHuii'x  center  as  fruiii 
near  the  limb  in  the  visible  portion  of  the  spctlram.  So  far  as  is  yet  deter- 
mines! there  ie  no  cert^nly  iliiK-ernible  eeleclive  sbtwrplion  for  different 
narrow  bandH  besides  the  (fnuhiai  alteration  of  absorption  jiwt  allnded  to, 
but  the  esperimenti'  are  bb  yet  incoitcluHive  as  reftanls  this  point. 

(3)  Erlipue  Mpfdition  lo  fivmnirn. — It  will  \ii  recalleil  tliat  the  observa- 
tions of  last  year's  eel i[iBe  by  the  Smithsonian  ex|>e<lition  raise<l  interesting 
(juestionH  ae  to  the  existence  of  intramercurial  planets  and  ns  to  the 
nature  of  the  coronal  radiations.  So  far  did  the  interest  in  these  problems 
extend  that  it  was  thought  worth  while  to  vend  an  expedition  from  the 
Astrophysical  Oliservatory  to  Sumatra  to  observe  the  total  ei'li|>i>e  of  May 
IS,  1901,  and  to  repeat  and  extend  the  Ixilometrie  observations  on  (he 
coronal  radiation  and  the  photi^japhie  olwervations  for  possible  intra- 
mercurial planets.  This  ex))e<lition  left  Washington  February  5,  1901; 
reached  Padang,  Sumatra,  April  4;  occttpic^l  the  station  selecte<l  (at  Solok), 
April  11;  and  left  Sumatra  May  28.  The  personnel  consistedofC.O.  Abbot, 
Aid  Acting  in  Chai^,  and  P.  A.  Draper,  temporary  axsistaut.  ApparalUH 
weighing  about  4,000  pounds  was  taken,  including  the  S-ine)i  ecjuatorial 
telescope  mounting  with  cieloatat.  Through  the  good  oHJces  of  the  War 
Department  the  voyages  from  San  Francisco  to  Manila  and  the  return 
were  made  upon  army  transports,  while  the  expedition  was  conveye<I  from 
Manila  to  Padang  and  return  upon  the  United  States  naval  vessel  Gf». 
Alaai,  which  also  conveyed  the  expedition  from  the  Unite^l  States  Naval 
Observatory.  It  is  a  pleasure  to  remember  the  hospitality  anil  friendliness 
of  the  officers  of  this  vessel  toward  us.  Within  Sumatra  the  expedition 
was  given  free  transportation  upon  the  government  miiway,  and  indeeil  it 
would  be  hard  to  acknowledge  sufficiently  the  assistance  and  courtesy 
received  at  the  hands  of  the  Dutch.  I  wish  especially,  however,  to  make 
mention  of  the  great  kindness  and  helpfulness  of  the  United  states  tiin- 
Bular  agent  at  Fadang,  Mr.  Cornelius  G.  Veth,  who  s)>ared  neither  tiuie 
nor  expense  in  ourtiehalf.  The  most  cordial  relations  existed  between  the 
Smithsonian  expedition  and  that  of  the  United  States  Xaval  Observatory, 
such  mutual  aesLstance  as  could  be  affonied  being  freely  interchange)). 

Solok,  Sumatra,  the  point  selected  for  the  o1>servationH,  is  a  fair-sized 
town  of  niostly  native  inhaliilants,  but  the  seat  of  a  Dutch  residency.  We 
found  quarters  in  a  small  hotel,  and  sn  abandoned  fort  near  the  hotel  was 
placed  at  our  disposal  for  the  ol>serving  station.  This  fort  was  shartnl  with 
the  lai^ger  party  of  the  Naval  Observatory,  and  its  large  rooms  ami  inclos- 
ing walls,  together  with  the  sufficiently  large  level  inclosure,  made  it  an 
ideal  station.  Several  years'- meteorological  oliservations  having  esiiei-ia I 
reference  to  the  eclipse  had  indicated  that  Solok  had  at  least  as  good 
cham'e  of  fair  weather  as  any  place  in  the  island,  and  ax  the  day  of  the 
eclipse  approached  we  found  from  our  own  ol>servations  through  the  munth 
uf  May  that  the  chances  for  a  fair  sky  around  the  sun  at  the  hour  of  the 
eclipse  were  fully  two  to  one.  So  far  were  these  cbani-es  suiierior  to  those 
of  Fort  de  Koi;k,  a  minor  station  near  tht;  etige  of  the  shadow,  is-cupitrd  by 
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The  Intra- Mercurial  Planet  Apparatus  of  the  Smithsonian  Institution. 
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the  Naval  Observatory  expedition,  that  the  greatest  deprexxinn  prevailed 
ill  the  meesBgefl  received  from  that  etation  prior  to  the  eclipse.  All  was  in 
readiness  before  the  day  of  the  eclipee,  an<<  very  numerous  rehearsals  with 
both  the  bolometric  and  photographic  apparatus  had  been  held,  and  we 
felt  that  our  arrangements  were  such  that  excellent  recruits  ought  to  be 
secured. 

The  day  before  the  eclipse  was  rainy,  but  the  morning  of  May  18  was 
clear,  so  that  the  proepecta  appeared  of  the  brightest  up  to  9  or  10  d'cIocIc. 
But  about  the  time  of  the  finrt  contact  clouds  began  to  form,  and  when  the 
eclipse  liecame  total,  at  about  twenty  ininiitee  after  noon,  the  whole  sky, 
excepting  a  perfectly  clear  belt  around  the  horizon,  was  overcoat  with  a 
sort  of  checkerwork  of  clouds,  so  thick  that  the  corona  could  barely  be 
distinguished.  Ehiring  the  latter  part  of  totality  the  very  position  of  the 
sun  was  doubtful.  I  realised  thatobservations  wert'iinelees,  and  I  remained 
in  the  tent  of  the  intramerciirial-planet  instrument  throughout  the  totality 
without  attempting  bolometric  work.  Merely  to  have  something  to  show 
to  prove  that  the  expedition  had  obser^'cd  an  eclipse,  the  programme  for  the 
intramercu rial-planet  apparatus  was  carried  through,  and  I  later  developed 
the  plates  taken.  Those  exposed  in  the  first  half  of  totality  showed  the 
corona  faintly,  extending  out  possibly  a  quarter  or  hall  a  diameter,  and 
showed  the  planets  Mercury  and  Venus.  Nothing  else  could  be  distin- 
guished, not  even  the  first-magnitude  star  Aldebaran.  The  plates  exposed 
during  the  last  half  showed  even  less,  as  the  cloiuls  were  then  thicker. 

After  totality  the  sky  gradually  cleared,  and  we  had  a  fine  afternoon  and 
the  clearest  (and,  indeed,  almost  the  only )  clear  night  there  had  been  for 
weeks.  The  despised  station  at  Fort  de  Kock  had  a  perfect  day  through- 
out, and  was  the  only  station  occupied  by  an  eclipse  expedition  o£  which 
this  was  true.  The  meteorological  conditions  ot  Sumatra  are  not  such  as 
to  encourage  astronomical  observation  there. 

I  was  much  surprised  at  the  amount  of  general  illumination  still  remain- 
ing in  the  middle  of  totality.  Some  rainy  days  are  equally  as  dark  as  it 
then  woe  at  Solok,  although  the  totality  lasted  six  minutes  and  the  shadow 
was  about  150  miles  wide.  The  general  illumination  may  have  come  from 
oateide  the  shadow  path  by  reflection  and  diffusion  of  the  clouds,  but  yet 
there  was,  aa  ban  been  said,  a  perfectly  clear  band  of  sky  an>und  the  hori- 
lon,  and  hence  far  within  the  shadow. 

The  accompanying  plates  illustrate  some  of  the  scenes  of  this  wonder- 
fully interesting  though  woefully  disappointitig  expedition. 

In  concluding  this  report  1  wwh  particularly  to  commenil  the  ability  and 
industry  displayed  by  the  Junior  AH><istant,  Mr.  F.  E.  Fowle,  in  carrying 
on  the  work  of  the  Observatory  during  my  absence,  especially  as  regards 
bolometric  work,  which  he  di<l  largely  unassisted,  and  when  the  \iest  part 
of  the  equipment  was  gone  on  the  eclipse  expedition. 

Kespectfully  submitted. 

C,  G.  Abbot, 
Aid  Ading  in  Charge  Attropkugicat  Obtervatory. 

Mr.  8.  P.  Lanolev, 

Secretary,  SmUhioman  ImtUutum. 
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Sir:  1  have  the  honor  to  present  h(;rewith  the  report  of  the  operatione 
of  the  library  of  the  Smithsonian  Institution  for  the  fiscal  year  ending  June 
30,  ItMl. 

The  most  conBideral>le  poriiiin  of  office  work  ia  that  connected  with  the 
Smithsonian  deposit  in  the  library  of  Congreas. 

The  following  table  shows  the  number  of  volumes,  parts  of  volumes, 
pamphlets,  anil  chartu  reconied  in  the  accession  hooks  of  the  Smithsonian 
deposit,  Ubrary  of  CongreBa,  during  the  fiical  year  ending  June  30,  1901; 


The  acression  nnmhera  run  from  431972  U 

In  ever- increasing  volume  the  operations  of  the  library,  like  those  of  the 
International  Rxduuiges,  look  to  the  strengthening  of  the  Library  of  Con- 
gress. All  bookp,  pamphlets,  charts,  and  completed  volumes  of  period- 
ii«ls  are  accesslonnl  anil  recorded  on  cards  as  a  permanent  record  file, 
which  both  serves  as  a  ledger  account  with  learned  societies  and  establish- 
ments and  BS  a  cstalogue  of  the  Smithsonian  deposit.  The  greater  part  of 
tliese  publications  are  then  sent  to  the  Library  of  Congress,  amounting 
during  the  past  year  to  192  boxes,  7  bags,  and  30  packages,  which  are  esti- 
mated t«  have  contained  the  equivalent  of  9,000  octavo  volunies,  this  being 
a  sending  to  the  Library  of  Congress  independent  of  that  forwarded  by 
the  International  Rxcbanges. 

The  additions  to  the  libraries  of  the  Secretary,  the  Office,  and  the  Astro- 
physical  Oiieervatory  number  374  volumes,  paiiiphlels,  and  charts,  and 
2,a'i8  parts  of  volumes,  making  a  total  of  2,432,  and  a  grand  total  of  30,566. 
On  the  card  catalogue  of  serial  publii^tiona  about  30,000  entries  were  made, 
of  which  300  required  new  title  cards. 

The  following  universities  have  sent  inaugural  dissertations  and  academic 
publications:  Albany,  New  York;  Ann  Arlior,  Michigan;  Baltimore,  Mary- 
land; Basel;  Berlin;  Bonn;  Breslau;  Cuernowitz;  Kriangen;  Giesen;  Frie- 
bunj;  f^ireifswald;  Halle    a.  S.;  lleideltieis;  Helsingfors;   Itbaca,  New 
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York;  Jena;  Kiel;  Leipzig;  Lietce;  Louv&in;  Lund;  M&rburg;  Philadel- 
phia, Pennsylvania;  Roalock;  HtraBburf;;  Toulouse;  TubJDgen;  Utrecht; 
WuraburR;  and  Zurich. 

A  small  but  valuable  collection  'ib  gndoally  being  formed  at  the  National 
Zoological  Park,  and  two  sectional  libraries  are  maintained  in  the  Institu- 
tion in  addition  to  thoae  already  alluded  to,  Aerodromice  and  Law  Refer- 

The  circulating  library  eetahliBheil  in  1898  for  theempioyecflol  the  Insti- 
tution has  continuei!  tji  be  used,  to  the  pleasure  and  profit  of  the  staff,  and 
now  contains  about  1,280  volnmee.  During  the  year  2,5IS  volumes  were 
liorrowed  by  105  peraons.  The  rtHims  occupied  by  this  small  coilectiou 
have  been  rendered  more  attractive. 

In  continuanre  of  the  policy  of  increasing  the  library  by  exchange  and 
filling  in  incomplete  sets,  »lft  letters  were  written  for  new  exchanges  and 
for  completing  series  already  in  the  library;  ^t  new  periodiatls  were 
added  to  the  list;  460  defective  series  were  either  completed  or  partly  com- 
pleted, atxMinling  to  the  publishers'  ability  Ui  supply  the  numbers  re<]uested. 
About  1,500  letters  were  received,  which  are  filed  in  jackets  on  which  a 
synopsis  of  the  icttcis  is  given.  A  card  catalogue  <if  the  correepondence 
is  kept  for  reference.  Orders  are  isBue<l  for  the  Smithsonlon  publications 
sent  in  exchange  for  the  publications  n^ceived;  when  single  numbers  are 
reported  as  missing  postal  lanis  are  forwardeil  rc(|ue8ting  that  they  be  sup- 
plied; corresponding  postal  canlsare  sent  as  acknowledgmenls  of  receipts; 
about  200  were  asked  for  and  150  supplieil. 

Lists  and  cards  hare  l>ccn  receivtil  from  the  Library  of  Congress  since 
November,  190Q.  indicating  the  volumett  wlilch  are  needed  to  complete  the 
sets  in  the  I^mithsoniau  deputdt  in  the  Library.  These  lists  and  cards  are 
copied  and  kejit  |<emianently,  while  the  originals  are  returned  with  notes 
stating  what  action  has  t)een  taken. 

The  itfms  which  have  l>een  acted  on  show  a  very  satisfactory  result; 
the  books  in  these  cases  which  are  received  in  compliance  with  reijuests 
are  transmitted  directly  to  the  office  of  the  Smithsonian  depiMit  at  the 
Library  of  Congress,  markeil  "Ti)  complete  ^Smithsonian  sets." 

The  great  ai^tivlty  of  the  lai^^e  furix  at  the  Library  of  Congress  in  the 
various  departments  tliat  have  <lirectly  to  do  with  the  Smithsonian  dejMMQt 
.  has  kept  the  Library  force  her*-  exceedingly  busy.  Very  great  good  is 
resulting  (rom  this  ac-tivity,  hut  much  l)elter  results  could  be  hail  if  addi- 
tional assistance  were  at  my  diB|K>Bal,  speciHcally  for  atteniling  to  the 
matters  of  mutual  interest  to  the  Library  of  Congress  and  the  Institution. 

Numerous  trancfers  have  b«'cn  made  from  the  Smithsonian  <lepoBit  to 
tlie  main  collections  of  the  Library  and  vice  versa  in  the  interest  of  com- 
pletion of  sets  under  a  single  ownerehiji,  such  changes  lieing  made  on  the 
general  principle  that  the  Institution's  collection  sliail  iflnsist  primarily  of 
periodicals  and  transactions  of  learned  sfH-ietics,  whilst  the  Library  of 
Congress  should  (loasess  as  complete  tiles  as  possible  of  all  publications 
issued  by  Uovernment,  whether  Federal,  State,  or  municipal,  both 
domestic  and  foreign. 

The  third  conference  on  the  International  Catalogue  of  ^ientjlic  Litera- 
ture reached  the  conclusion  that  the  Catalogue  would  be  undertaken  if 


Digitized  bvCoOgIC 


128  KEPOKT   OF   THE   SECRETARY. 

300  complete  eels  were  Hubecribed  for,  and  the  Infrtitntion  was  informed  in 
August,  1900,  that  the  quota  for  the  Uniteil  States  would  be  46.  A  fiirulpr 
was  immediately  sent  to  the  various  coWegea  and  libraries  in  this  country, 
and  in  spite  of  the  fact  that  it  was  the  rammer  season,  sniwcription  to  45 
sets  was  received  by  the  middle  of  September,  which  numtier  has  since 
been  increased  to  the  equivalent  of  66  sets,  demonst rating  the  great 
interest  had  in  this  country  in  the  undertaking.  The  preparation  of  a  list 
of  periodicals  to  be  indexed  has  been  taken  in  hand  and  indexing  actually 
begun,  two  asai.  'ants  being  temporarily  assigned  for  this  purpose. 

The  ar-cessions  to  the  National  Museam  Library  numtiered  a  total  of 
12,267  books,  pamphlets,  and  periodicals,  of  which  4,942  were  a  portion  of 
the  Smithsonian  deposit;  2ft,141  books  were  borrowed.  The  efficiency  of 
Uie  Library  has  been  materially  added  to  by  the  institution  by  the  Library 
of  Congress  of  means  of  transferring  books,  etc.,  twice  eseh  day,  thus 
enabling  the  Institution  to  receive  and  return  books  at  a  very  short  notice. 
The  number  of  periodicals  entered  was  8,t)86,  and  4,S11  cards  were  added 
to  the  authors'  catalogue  of  the  Museum  Library,  which  now  contains  27 
sections.  Its  oiwrations  will  be  more  fully  descrit)ed  in  the  report  to  the 
Assistant  Secretary. 

Respectfully  submitted. 

CvBL'B  Adler,  Librarian. 

Mr.  S.  P.  Lanolbt, 

Secretary,  SmUhaonian  IngtUulion. 
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8ik;  I  have  the  honor  to  submit  the  followina  report  od  the  publications 
of  the  Smith9onii.n  Institution  and  its  bureaus  during  the  year  ending  June 
30,  1901: 


A  memoir  on  experiments  with  ionized  air,  hy  Dr.  Carl  Bams,  has  been 
sent  to  the  printer,  but  was  not  completed  st  the  close  of  the  fiscal  year. 


1253.  A  Select  Bibliography  of  Chemistrj-,  1492^1897.  By  Henry 
Carrington  Bolton.  Section  VII,  Academic  Dissertations.  Wasliingtoii: 
Published  hy  the  Smithsonian  Institution,  1901.     Octavo,     pp,  vi  +  534. 

1258.  On  the  Cheapest  Form  of  Light.  By  S.  P.  Langley  and  F.  W. 
Very.  Washington:  Published  by  the  Smithsonian  Institution,  1901. 
Octavo,     pp.  20,  with  .■!  plates. 

1250,  List  of  Observatories.  Washington:  Published  by  the  Smith- 
sonian Institution,  1901,  Octavo,  pp,  27.  (Distributed  as  proof  sheets, 
lor  revision. ) 

1305,  1306,  The  Smithmnian  Institution.  Documents  relative  to  its 
origin  anil  history,  1836-18.90.  Compiled  and  edited  by  William  Jones 
Rhees.  In  twovolumes.  Washington:  Uoverniuent  PrintingOffice,  1901. 
Octavo. 

Vol.  I,  1835  to  1887,     Pages  i-uii,  1-1W4. 

Vol.  11,  1887  to  189!).     I'agi'S  1045-19S3. 


This  ivorli  torms  Vo]iimc9  XUl  and  XLlll  n(  l^mUhmnliin  Miscellaneous  Collecliont. 
In  his  prelftce  Mr.  Rhees  ihus  descrUiea  (he  objecl  anil  conienU  o[  the  volumw: 

The  prewnt  volnme  is  umlurutten  in  eunlitiiulinn  ot  >  volume  bearing  the  tide  The 
Smlthwninn  Instlmilon;  DoeumeiiH  RelRtlve  lo  lis  Origin  and  Htnlnr)-,  prepared  l.j  the 
edilnr  ol  Ih?  pn'wnl  volume,  which,  besldKi  olhiT  mntlirrs,  glve«  Ihe  IfKlBlHtlvi'  lilsliiry 
ol  ihu  Sinllh.-<oiilan  Ingtinuinn  lo  WTJ.  Preflxed  lo  this  will  be  toiind  a  Keleetinn  of  the 
dDCHRieritii  whirh  paised  bplwecn  the  United  Slateii  and  the  atlome)'!  In  RuRlatiil  nnte- 
eeili-nl  In  lli«  actual  iccepliou  o[  the  livi|Uitil  of  Jumes  8mllli-uiii,  a  British  nu1>lii't,  who 
gave  his  riirluni:  in  Ihu  Unltpd  8IHtv»  ol  Atncrica  "  I'l  Ciiund  »|  Wn>hingtou,  under  the 
name  of  the  Rmiihsnnlan  lustlluiion.  an  ettnblisliuiciil  (or  thi'  incn'ase  and  dliTu>-l<>n  ul 
knnwIedKu  amniiK  men." 

Tbisfat'l  wascommiinicaied  thmiigh  the  Cnlted  States  Icmlion  at  London  lo  Ihe  Pee- 
Telary  nt  Kinlc.  and  wan  mailu  the  siiliji-cl  uf  a  f^iivlal  musiajtv  lo  Congress  l>y  Pretiident 
Jncksnnoii  Dtwembcr  17,  IKS-'i.  The  mi-»JiBCwnsru-(vrrnltoc(iuimilte<.-'.  and  it  wasal  lust 
agreed  that,  altlioush  there  ww  miuic  liiiuht  as  tn  the  pro|>rlety  ot  acevplitifi  it.  the 
bequeM  should  be  oblnlned,  l(  |>ossl1>k',  mid  Ihe  (Ion,  Kirhnrd  Knsh  >vh'  seui  to  England 
iniuly,  IS30,  a:  a  upeclal  aitent  ol  llie  I'nllcd  mnen,  with  powi^r  of  attorney  from  lli9 
8M   1901 y  129 
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Prt-slrti'Dt  10  prosecute  Ihc  cUim  In  Iht  chancery  court.  The  fund  wm  brooghl  W  'his 
caunlry  lu  ],S3)t,  and  afler  eight  ycRis  at  AvbMf.  Including  cnn^ullatlon  Kllh  alt  Ihe 
teailiiiB  ediicaton  oC  the  United  Stnlen  nt  thai  time,  a  law  wan  Dually  (ramed  on  Aoguil 
ia.lii46,"loesinl)lliih  Ihe  Smithsonian  Insillutlon  for  Ihc  incmw  anil  dtflUKlonol  knowl- 
edge amuns  men."  Under  this  ael.  with  a  Ten  an1endmenI^  the  opera tiim)<  of  the  Insll-  , 
tatloti  have  been  carried  on  to  the  present  lime,  and  a  detailed  account  of  the  leglflatloti 
by  Congress,  as  well  as  oF  propoHil  action,  rrom  1836  to  March  ».  1899.  I<  given  In  Ihls 
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Ihe  statutes,  giving  dales  and  amonntH  appropriated,  are  always  given  In  llgures,  and 
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naria.  By  Eiias  Nelson.  From  the  Proceedings  of  the  United  States 
National  Museum,  Vol.  XXIII,  pages  697-713.  Washington:  Government 
Printing  Office.     1901.    Octavo. 

Proc.  1231.  Description  of  a  new  species  of  Snake  from  Clarion  Island, 
West  Coast  o(  Mexico.  By  Leonhanl  Siejneger.  From  the  Proceedings 
of  the  United  SUtes  National  Museum,  Vol.  XXIII,  pages  715-717. 
Washington:  Government  Printing  Office.     1901.    Octavo. 

Proc.  1232.  On  the  Relationships  of  the  Lntianoid  Fish,  Aphareus  tur- 
eatus.  By  David  Starr  Jordan  and  Edwin  Chapin  Starks.  From  the 
Proceeilings  of  the  United  States  National  Museum,  Vol.  XXIII,  pages 
719-723.  with  Plates  XXVIII,  XXIX.  Washington:  Government  Print- 
ing Office.     1901.    Octavo. 

Proc.  1233.  A  Review  of  the  Lancelets,  Hag-flshes,  an<)  Lampreys  of 
Japan,  with  a  dei«:ription  of  two  new  si>ecies.  By  David  Starr  Jordan 
and  John  Otterbein  Snyder.  From  the  Proceedings  of  the  United  Slates 
National  Museum.  Vol.  XXIII,  pi^s  725-734,  with  Plate  XXX.  Wash- 
ington: Government  Printing  Office.     1901.    OcUvo. 

Proc.  1234.  The  proper  names  of  Bdellostnma  or  Heptatretna.  By 
Theodore  Gill.  From  the  Proceeillngs  of  the  United  Staten  National 
Museum,  Vol.  XXIII,  jTagefl  73^-738.  Wasbington:  Government  Print- 
ing Office.     1901.    Octavo. 


Digitized  bvCoOgIC 


REPORT   OF   THE   SECBEl'ABY. 


The  fiiTt  part  of  the  Seventeenth  Report  and  the  first  part  of  the  Eight- 
eenth Report  were  received  from  the  Govemment  PrintinK  Office  and 
distributed  during  the  year. 

Seveiiteenth  Anniial  Report  o(  the  Bureau  of  American  Ethnology  to 
the  Se  TeUry  ot  the  Smithsonian  Institution.  1895-96.  By  J.  \V.  Powell, 
Director.  In  two  part*.  Part  I.  Washin(!ton:  Government  Printing 
OfBce.  1898.  Imperial  octavo.  Pages  i-xciii,  1-128, 129*-344»,  137-468. 
with  81  plates  and  229  text  figures. 

Eighteenth  Annual  Beiwrt  of  tlie  Bureau  of  American  Ethnology  to  the 
Secretary  of  the  Smithsonian  InMitution.  1896-t»7.  By  J.  W.  Powell, 
Director.  In  two  parte.  Part  I.  Washington:  (iovemment  Printing 
OfHce.  1899,  Imperial  octavo.  Pages  i-lvii,  1-518,  with  174  plates  and 
165  text  figures. 


The  Annual  Report  of  the  American  Historical  Association  for  the  year 
1900  was  sent  to  the  priciter  towanl  the  close  of  the  fiscal  year,  and  most 
of  it  was  in  type  before  June  30.  The  report  is  in  two  volumes,  with  the 
following  contents: 

Rcpon  of  Proceed  I  ngu  of  Slulcenth  Annual  Meeting  In  Delroll  »n<i  Ann  Arbor.  Decem- 
ber -n-D.  1300.  by  A.  Howanl  CInrk,  necTolar)— The  New  Hlslory,  by  EdwHrd  Eggteflon, 
president— Concerning  the  W riling  of  Hl«iory.  by  James  Funl  Rhodes— Plea  for  Military 
History,  by  Charles  Francis  Adam's— Sectional  I  kdi  and  Reprewntallon  In  South  Carolina, 
a  Sociologfcsl  Study,  by  Willlsm  A.  Schaper— Frontier  Landclubs,  or  Claim  Awoclatlona. 
by  Benjamin  P.ahambangh—Ml^sonri  Party  Struggles  In  the  aviLWai  Period,  by  S.  B. 
Harding— Hill  tar)'  Ooremmenl  of  Southern  Territory.  1861-18%.  by  A.  B.  Carpenter- 
Marcus  Whitman:  A  Dl»cliS8lon  or  Professor  Boume'ii  Paper,  by  William  I.  Marshall— Lord 
Balllmore'sStrugglewilh  the  Jesuits.  IGU-ieiB.  by  Alfred  liearce  Dennis— American  Eccle- 
■lology,  by  George  Jamtn  Bay Icfi— Studies  In  Ihe  Colonial  Period  ot  England.  1ST2-I«e0: 
The  Plaiitatlonf,  the  Hoyal  Alrican  tympany,  and  Ihe  Slave  Trade,  by  Edwaid  D.  Col- 
lins-Critical Work  on  the  Latin  Sources  of  the  First  Cniaade,  by  Oliver  J.  Thatchei^ 
The  Turkish  Capitulation,  by  James  B,  A ngcll— Stein's  German  Policy  al  Ihe  Congress 
of  Vienna,  by  t'lj-sses  G.  Weatherly— The  Clonslderatlooa  which  Induced  Edwairl  III  to 
Assume  the  Tillv  King  of  France,  by  Wnlloi  Irenaius  Lowe— Fifth  Annual  Report  o(  the 
Historical  Manuscript  Com mlwion-Ti lies  o(  Bookson  English  History,  published  inlSBB; 
(elected  by  W.  Dawson  Johnston— Report  oF  the  Public  Archives  CommlsslOQ. 


The  Third  Report  of  the  Society  was  received  and  submitted  to  Congress 
during  the  year  and  progress  made  toward  ila  publication  as  a  Senate 
Document. 

Respectfully  submitted. 

A.  Howard  Clark,  Editor. 
Wr.  S.  P.  La.voley, 

SftretoT!/.  fiiniOieonian  2n»lilutiim 
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ADVERTISEMENT. 


The  object  of  the  General  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  i-s  to  furnish  brief  accounts  of  scientific  discov- 
ery in  particular  directions;  reports  of  investigations  made  by  collab- 
orators of  the  Institution;  and  memoirs  of  a  general  character  or  on 
special  topics  that  are  of  interest  or  value  to  the  numerous  correspond- 
ents of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  discovery, 
as  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tution; and  this  purpose  has,  during  the  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  attracted  by  scientific  progress. 
■  In  1880  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summary  of  progress  which  for  thirty  years  previous  had  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  wm- 
petent  collatorators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  prepress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  18S8. 

In  the  report  for  ISXU  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  discus- 
sion.    This  method  has  been  continued  in  the  present  report,  for  liWl. 
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THE  SMITHSONIAN  INSTITUTION. 


■"The  advnncpmorit  of  tho  highest  intorcstn  of  na- 
tiuniil  .fcience  and  learning  and  the  ciii^tody  ot  objects 
of  art  and  of  the,  vnluablc  results  of  soiontitio  expedi- 
tions coiidufted  by  the  United  States  have  Ix-en  com- 
intttcd  to  the  Smithsonian  Institution.  In  fiirtheranco 
of  its  deelared  purpowc—for  the  'inerea.se  and  diffu- 
sion of  knowledge  among  men" — tho  Congivs.s  ha.s 
from  time  to  time  given  it  other  important  function.s. 
Sufh  trusts  have  lx;en  executed  by  tho  Institution  with  ■ 
notable  fidelity.  There  should  be  no  halt  in  tho  work 
of  the  Institution,  in  aceordance  with  tho  plans  which 
its  Secretary  has  presented,  for  the  pi^eservation  of  the  vanishing  raec-j 
of  groat  North  American  animals  in  the  National  Zoological  Park.  Tho 
urgent  nced.s  of  the  National  Mu.seum  are  recommended  to  tho  favora- 
ble consideration  of  theCongress,"  (President  Roosevelt's  first  mes- 
sage to  Congress.) 

In  the  first  Smithsonian  Report  issued  in  tho  twentieth  i-ontury  it 
may  not  Im;  amiss  to  tell  tho  readers  of  this  volume  very  briefly  what 
the  Institution  is,  how  it  ciime  into  being,  and  how  it  has  fulfilled  the 
purposes  for  which  it  was  established. 

In  tho  popular  mind  the  Smithsonian  Institution  is  a  picturesque 
ca.stellated  building  of  brown  stone,  situated  in  a  iK'autiful  park  at 
Washingtijii,  containing  birds  and  shells  and  beasts  and  many  other 
things,  with  another  large  adjat.-ent  l)uilding,  often  called  the  Smith- 
sonian National  Museum.  The  Institution  is  likewise  supiKiscd  to  have 
a  large  corps  of  ieanied  men,  all  of  whom  iuo  called  '•  Professoi-s" 
(which  they  are  not),  whose  time  is  s|)cnt  in  writing  books  and  making 
oxpcriuicntsand  answering  all  kinds  of  (juestionseoncerning  the  things 
in  the  heavens  above,  the  earth  beneath,  and  tho  waters  under  the 
earth. 

Oontmst  this  popular  notion  with  the  facts.  The  Smithsonian  Insti- 
tution is  an  "  Kstaiilishnieiit*'  created  liy  an  act  of  Congress  which  owes 
its  origin  to  the  Iwquest  of  James  Smithson.  an  Kriglishman,  a  scien- 
tific man,  and  at  one  time  a  vico-profident  of  the  Koyal  Society,  who 
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died  in  Genoa  in  1829,  leaving  his  entire  catato  to  the  United  States  of 
America  "to  found  at  Washington,  under  the  name  of  the  Smithsonian 
Institution,  an  establishment  for  the  increase  and  diffusion  of  knowl- 
edge among  men." 

After  ten  years  of  debate  in  Congress,  turning  partly  on  the  ques- 
tion whether  the  Government  ought  to  accept  such  a  bequest  at  all 
and  put  itself  in  the  unprecedented  position  of  the  guardian  of  a 
ward.  Congress  accepted  the  trust  and  created  by  enactment  an 
"Establishment"  called  by  the  name  of  the  Smithsonian  Institution, 
consisting  of  the  PiTsident  of  the  United  States,  the  Vice-ProMident, 
the  Chief  Justice  of  the  United  States,  and  the  members  of  the  Pres- 
ident's Cabinet.  It  has  also  a  Se<'retary,  with  varied  functions,  among 
others  that  of  l»eing  th«!  Keeper  of  the  Museum. 

SmitliHon's  money,  which  amounted  to  over  half  a  million  dollars, 
and  later  to  three -qua  iters  of  a  million,  a  great  foiluno  in  that  day  of 
small  thiugs,  was  deposited  in  the  United  States  Treajsury,  the  Govern- 
ment afterwards  agreeing  to  pay  pei'petually  0  per  cent  interest  upon  it. 

In  the  fundamental  act  creating  the  Institution,  Congress,  as  above 
stated,  provided  that  the  President  and  the  meml>ers  of  his  Cabinet 
should  ))e  members  of  the  Institution,  that  is,  should  >>e  the  Institu- 
tion itself,  but  that  nevertheless  it  should  be  governed  by  a  lioard  of 
Regents,  composed  of  the  Vice-President  and  Chief  Justice  of  the 
United  Stiites,  thi'ce  Itegents  to  lie  appointed  by  the  President  of 
the  Senate  (ordinarily  the  Vice-President),  three  by  the  Speaker  of 
the  House  of  Representatives,  and  six  to  be  selected  by  Congress; 
two  of  whom  should  be  residents  of  the  District  of  Columbia,  and 
the  other  four  from  diffei-ent  States,  no  two  being  from  the  same 
State,  The  fundamental  act  further  provides  that  the  Secretary  of 
the  Institution  already  delined  shall  also  be  the  Secretary  of  the  Board 
of  Regents,  The  Museum  is  primarily  to  contain  objects  of  art  and 
of  foreign  and  curious  I'esearch;  next,  objects  of  natural  history, 
plants,  and  geological  and  mineralogical  specimens  belonging  to  tlie 
United  States.  Provision  is  also  made  for  a  library,  and  the  functions 
of  the  Regents  and  of  the  Seci'etary  were  detinod. 

The  preamble  of  this  bill  states  that  Congi'ess  has  received  the  prop- 
erty of  Smithson  and  provided  "for  the  faithful  execution  of  said 
trust  agreeable  to  the  will  of  the  liberal  and  enlightened  donor."  It 
will  thus  be  seen  that  the  relations  of  the  General  Government  to  the 
Smithsonian  Institution  are  most  extraordinary,  one  may  even  say 
unique,  since  the  United  States  solemnly  bound  itself  to  the  adminis- 
tration of  a  trust.  Pi-obably  never  before  has  any  ward  found  fo 
powerful  a  guai-diaii. 

The  first  meeting  of  the  Regents  occurred  on  September  7,  1846, 
and  in  the  autumn  of  the  same  year  they  elected  as  Secretary  JosErii 
Henry,  then  a  profes.sor  at  Princeton,  known  for  his  extraocdinary 
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experiments  on  the  electro-magnet,  and  other  i^ubjects  relating  to 
electricity.  Under  his  guidance  the  Institution  took  shape.  Its  work 
at  first  consisted,  in  the  main,  of  the  publication  of  original  memoirs, 
containing  actual  contributions  to  knowledge,  and  their  fme  distribu- 
tion to  important  libraries  throughout  the  world;  to  giving  popular 
lectureij  in  Washington,  publishing  them,  and  distributing  them  to 
libraries  and  individuals;  stimulating  scientific  work  by  providing 
apparatus  and  by  making  grants  of  money  to  worthy  invcstigatoi's, 
cooperating  with  other  Government  Departments  in  the  advancement 
of  work  useful  to  the  General  Government,  etc.  These  were  the 
principal  methods  employed  by  Henry  to  carry  out  the  pui-poses  of 
Smithson,  for  the  increa.«e  and  diffusion  of  knowledge.  Here,  too, 
were  initiated  cci-tain  studies  which  afterwards  became  most  fruitful 
'and  have  resulted  in  important  Government  work,  such  as  the  present 
Weather  Bureau,  among  others.  The  beginning  of  cooperation  in 
library  work  was  at  this  Institution.  At  the  same  time  many — we 
might  almost  say  most — of  the  present  scientific  activities  of  the  Gov- 
ernment have  grown  out  of  it  or  been  stimulated  by  it.  Experiments 
in  fog  signaling,  in  the  acoustics  and  ventilation  of  public  buildings, 
and  in  numerous  other  subjects,  were  inaugurated.  In  fact,  in  these 
earlier  days,  with  one  or  two  exceptions,  the  Smithsonian  was  the 
sole  representative  of  active  scientific  work  directly  or  indirectly  con- 
nected with  the  United  States  Government.  Its  influence  upon  the 
character  of  private  scientific  work,  too,  was  very  great,  since  half  a 
century  or  more  ago  the  avenues  for  publishing  were  few,  and  the 
funds  for  the  purpose  slender. 

Gradually,  out  of  the  collections  which  had  been  kept  in  the  Patent 
Office,  the  private  collections  of  Smithson,  and  of  appropriations  of 
his  money  made  by  the  Regents,  and  lai'gely  also  through  the  i-esults 
of  the  great  exploring  expedition  of  Captain  Wilkes,  there  grew  up  a 
Smithsonian  Museum,  one  which  was  exclusively  cared  for  from  the 
Smithson  fund;  but  which,  partly  through  the  greater  activity  of  the 
Government  surveys  and  partly  through  the  gifts  of  private  individ- 
uals, and  also  through  the  valuable  objects  presented  to  the  United 
States  Government  by  foreign  nations  at  the  close  of  the  Centennial 
at  Philadelphia  in  1876,  brought  about  the  establishment  of  what  is 
DOW  known  as  the  United  States  National  Museum  of  the  Smithso- 
nian Institution,  which  is  under  control  of  the  Kegents  of  the  Institu- 
tion, for  which  a  building  was  provided,  and  which  now  receives  direct 
support  from  Congress.  This  Museum  has  now  the  mattei'  belonging 
to  the  original  Institution  collected  by  tlic  Smithsonian's  own  observ- 
ers, with  much  more  secured  through  the  General  Government,  making 
in  all  over  5,000,000  specimens,  and  is  the  foremost  colle<rtion  in  the 
world  in  everything  that  i-elates  to  the  natural  history,  ethnology, 
geology,  and  paleontology  of  that  portion  of  North  Apicri<,-a  i^oA^^^^^fe  | 
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United  states,  besides  containing  many  valuable  scries  from  other 
countries.  The  collections  have  been  visited  by  over  7,50O,OO<)  pev- 
sons,  and  the  Institution  has  carried  selections  of  its  specimens  to  every 
Urge  exhibition  held  in  the  United  States,  and  distributed  850,000 
specimens  to  colleges  and  academies,  thus  powerfully  stimulating  the 
growth  of  museums  large  and  small  in  every  section  of  the  country. 

The  publications  of  the  Smithsonian  have  been  in  several  series, 
mostly  to  convey  to  specialists  the  results  of  its  original  scientific 
investigations  and  to  thus  represent  the  first  half  of  its  fundamental 
purpose  "  for  the  t'ti-etva^e  of  knowledge,"  and,  subordinately,  others 
to  include  handbooks  and  indexes  useful  to  students,  and  some  publi- 
cations which,  while  still  aci^urate.  contain  much  information  in  a  style 
to  be  understood  l>y  anj'  intelligent  reader,  and  thus  represent  the 
second  half  of  the  founder's  purpose  for  the  "  (/»jf»«(/"w  of  knowledge."' 
Many  valuable  publications,  too,  have  been  issued  by  the  Museum  and 
the  Bm-eau  of  Ethnology,  and  i-eccntly  by  the  Astrophj'sical  Observa- 
tory, In  all,  265  volumes  in  over  2,000,000  copies  and  parts  have  beeii 
gratuitously  distributed  to  institutions  and  private  individuals,  the^e 
works  forming  in  themselves  a  scientific  library  in  all  branches. 

Partly  by  pui-chase,  but  in  the  main  by  exchange  for  these  publica- 
tions, the  Institution  has  assembled  a  library-  of  over  150,000  volumes, 
principally  of  serial  publications  and  the  transactions  of  learned  soi-ie- 
ties,  which  is  one  of  the  notable  collections  of  the  world.  The  major 
portion  of  it  has  been  since  WOO  deposited  in  the  Libmry  of  Congress, 
with  which  establishment  the  most  cordial  and  mutually  helpful  rela- 
tions subsist. 

In  1850  Spencek  Fullbeton  Baird,  a  distinguished  naturalist,  was 
elected  Assistant  Secretary  of  the  Institution.  To  him  the  great 
activity  in  natural  history  work  was  due,  and  by  him  the  Museum  was 
fostered,  he  being  greatly  aided  from  1875  by  a  young  and  enthusiastic 
naturalist,  (Jeorub  Brown  Goode,  Secretary  Baird  initiat^'d  in  the 
Smithsonian  Institution  th<»se  economic  studies  which  led  to  the  estab- 
lishment of  the  United  States  Fish  Conunission. 

As  another  means  of  diffusing  knowledge  there  was  early  established 
the  bureau  of  international  exchunges,  originally  intended  simply  for 
the  proper  distribution  of  the  Smith.sunian's  publications,  but  which 
gradually  assimied  very  wide  prop(»rtion»,  becoming  no  less  timn  an 
arrangement  with  learned  societies  throughout  the  woild  to  i-et^ipro- 
cally  carry  free  publications  of  learned  societies,  or  of  individual  scien- 
tific men,  intended  for  gi-atuitous  distribution.  This  system  was  after- 
wards taken  up  by  various  governments  which,  through  tiVHtics,  bound 
themselves  to  exchange  their  own  publications  in  the  same  way.  Since 
the  inaugu  ration  of  this  service,  5,000,000  pounds  weight  of  books  and 
pamphlets  have  Ijecu  carried  to  every  portion  of  America  and  of  the 
world.     The  Institution  existing  not  only  for  America,  in  which  it  has 
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ovci-  s,(HtO  t'oriqspinidents,  hut  for  the  world,  has  throughout  Euroi>e,- 
Asia,  Africa,  and  the  islands  of  thi^  sea,  nearly  SS.IHH)  correspondent.-* — 
more  without  the  United  States  than  within — justifying  the  words 
"Per  Orlwin,"  a.s  the  device  on  the  Smithsonian  -seal. 

Other  work  has  been  intrusted  to  the  Institution  by  the  Govern- 
ment, such  as  the  Bureau  of  American  Ethnology,  for  studies  relating 
to  the  alwjrigines  of  this  continent;  the  Astrophysical  Observatory, 
which  for  ten  yeai-s  has  lieen  chiefly  devoted  to  the  enlai^ement  of 
Newton's  work  on  the  s[)cctrum,  and  the  National  Zoological  Park. 
The  establishment  of  the  latter  was  intended  primarily  to  preserve  the 
vanishing  nu-es  of  mammals  on  the  North  American  continent;  but  it 
has  also  assumed  the  tjenerul  features  of  a  zoologii-al  park,  afford- 
ing the  naturalist  the  opportunity  to  study  the  habits  of  animals  at 
close  mnge,  the  jminter  the  possibility  of  delineating  them,  and  giving 
pleasuiv  and  instruction  to  hundreds  of  thousands  of  the  American 
people.  These  two  latter  estjililishmcnts  are  due  to  the  initiative  of 
the  present  Secretary,  Mr.  S.  P.  Lanoley,  elected  in  1887;  a  physicist 
and  astronomer,  known  for  his  researches  on  the  sun,  and  more 
recently  for  his  work  in  aProiiynamics.  While  the  fund  has  been 
increased  of  later  yeai's  liy  a  number  of  gifts  and  bequests,  the  most 
notable  being  that  of  Mr.  Thomas  G,  Hodgkins  of  a  sum  somewhat 
over  i^20<),0()(),  its  original  capital,  once  relatively  considerable,  baa 
now,  in  spite  of  these  additions,  gi-own  relatively  inconsiderable  where 
there  are  now  numerous  universities  having  twenty  times  its  private 
fund.  It  threatens  now  to  be  insuflScient  for  the  varied  activities  it 
has  undertaken  and  is  pursuing  in  every  direction,  among  these  the 
supiKtrt  of  the  higher  knowledge  by  aiding  investigators  everywhere, 
which  it  does  by  providing  appamtus  for  able  investigators  for  their 
experiments,  etc.  Investigations  in  various  countries  have  been  stimu- 
lated liy  grants  from  the  fund.  It  has  been  the  past,  as  it  is  the 
present,  jjolicy  of  the  Institution  to  aid  as  freely  as  its  means  allowed, 
either  by  the  grant  of  funds  or  the  manufacture  of  special  appamtus, 
novel  investigations  which  have  not  always  at  tlie  moment  seemed 
of  practical  value  to  others,  but  which  suJxsequently  have  in  many 
instances  justilied  its  discrimination  in  their  favor  and  have  proved  of 
great  ini|)ortance. 

The  growth  of  the  Institution  has  been  great,  but  it  has  been  more 
in  activity  than  in  mere  bigness.  The  corner-stone  was  laid  fifty  years 
ago.  In  1852  the  entire  staff,  including  even  lat>orers,  was  12.  In 
li>01  the  Institution  and  the  bureaus  under  it  employed  64  men  of  sci- 
ence and  277  other  persons.  Those  men  of  science  in  the  Institution 
lepresent  very  luiarly  all  the  general  branches,  and  even  the  specialties 
to  Home  extent  of  the  iiittural  and  physical  sciences,  basides  history 
and  the  learning  of  the  ancients;  and  it  may  perhaps  be  said  that  the 
income  of  the  Institution  (which,  relatively  to  others,  is  not  one-ten^  1., 
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in  liWl  what  it  was  in  lis'd)  has  beon  fort-etl  to  make  good,  by  harder 
effort  on  the  part  of  the  few,  what  is  done  elsewhere  in  the  Govern- 
ment service  by  niany. 

The  private  income  of  the  SiiitthsoDian  Institution  ia  not  quite 
$60,000,  but  it  controls  the  disbursement  of  about  $600,000  per  annum 
appropriated  by  the  Government  for  the  bureaus  under  its  charge. 

Certain  other  functions  difficult  to  describe  are  still  of  prime  im- 
portance. The  Smithsonian  is  called  on  by  the  Government  to  advise 
in  many  matters  of  science,  more  especially  when  these  have  an  inter- 
national aspect.  Its  help  and  advice  are  sought  by  many  thousands  of 
persons  every  year,  learned  societies,  college  professors,  journalists, 
and  magazine  editors,  and  thousands  of  private  individuals,  seeking 
infoi'mation,  which  is  furnished  whenever  it  can  be  done  without  too 
serious  a  drain,  though  naturally  a  percentage  of  the  requests  is  unrea- 
sonable. It  has  cooperated  with  scientific  societies  of  national  scope, 
like  the  American  Historical  Association,  and  has  stimulated  the 
growth  of  a  number  of  the  Washington  scientific  societies,  and  it  may 
be  said  to  teem  with  other  activities. 

The  Regents  control  the  policy  of  the  Institution,  and  the  Secre- 
tary is  their  executive  officer.  Since  the  beginning  the  Regents  have 
been  -selected  from  among  the  most  distinguished  men  in  public  life 
and  in  the  educational  and  scientitic  world.  Their  roll  contains  the 
names  of  the  most  distinguished  American  citizens  for  half  a  century. 

An  unwritten  policy  has  grown  up  which,  without  instructions  or 
regulations,  has  been  of  profound  influence  in  the  work.  The  Smith- 
sonian Institution  does  not  undertake  work  which  any  existing  agency 
can  or  will  do  as  well.  It  does  not  engage  in  controversies;  it  limila 
its  work  to  observation  and  the  diffusion  of  ascertained  knowledge, 
not  to  speculation.  It  preserves  an  "open  mind*'  for  all  branches  of 
knowledge  and  considers  any  phenomena  which  are  the  object  of  serious 
stady  within  its  purview.  Its  benetit^i  are  not  confined  to  Washington 
nor  to  the  United  States,  but  as  far  »s  consistent  are  extended  to  all 
men. 

Its  Secretaries,  Assistant  Secretaries,  and  scientific  officers  have 
from  the  Iwginnlng — long  before  a  classified  .service  existed — been 
elected  and  appointed  for  merit,  and  for  that  alone.  No  poi'son  has 
ever  been  appointed  on  the  scientific  staff  for  any  political  reason  or 
consideration. 

It  is  impossible  to  look  into  the  future.  The  Smithsonian  Institu- 
tion has  a  remarkable  organization  for  the  administration  of  funds 
for  the  promotion  of  science;  yet  amidst  the  great  benefactions  of 
the  past  quarter  of  a  century  relatively  few  have  come  to  it.  Its 
activities  could  be  still  further  increased  if  it  had  greater  means 
under  its  control,  and  the  Regents,  because  of  the  peculiarly  independ- 
ent poaition  they  hold,  can  be  of  great  public  service  in  suggest! 


Samuel  Pierpont  Lanqlev. 
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the  chuniicl  into  which  jjiftii  for  sfii;ntitic  [nirjwattri  iiiifjht  Ih?  dirwt*?d, 
ev«n  if  they  Jo  not  sec  their  wiiy  clear  to  nccepf  ing  suih  donutioiis  for 
the  Institution  itself. 

For  the  National  Museum  a  great  new  building  is  a  prime  necessity. 
The  Museum  has  practically  reached  a  point  where  it  is  physically 
impossible  that  it  should  grow  under  present  conditions. 

Secretary  Langley  has  for  several  years  past  been  urging  upon  the 
Government  the  dispatch  of  several  expeditions  for  capturing  the 
species  of  large  mammals  so  rapidly  being  destroyed  in  the  United 
States  and  Alaska;  but  even  without  this,  the  National  Zoological 
Park,  with  its  relationships  to  the  other  great  national  parks,  is  des- 
tined to  be  one  of  the  great  collections  of  the  world. 

The  Bureau  of  American  Ethnology,  which  since  its  organization 
has  devoted  itself  to  the  aboriginees  of  this  continent,  may  have  new 
work  to  do  in  Porto  Kico  and  in  Hawaii. 

Among  still  other  activities,  of  which  there  is  now  but  a  premonition, 
a  National  Clallery  of  Art  (provided  for  by  Congress  in  the  original 
charter)  may  be  alluded  to. 

The  past  of  the  Sniithsonian  Institution  is  secure,  its  present  is  known 
to  all  men,  and  it  looks  forward  to  the  future  in  the  Ixslief  that  it  will 
worthily  continue  under  whatever  changing  conditions  to  "  increase  and 
diffuse  knowledge  among  men." 
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Tbi^year  1901  has  Ixiena  idiiiirkaliloimc  in  tin-  historv  of  astronomy 
for  the  nuiiilHir  of  iiiiiK>rtant  olisiTvations  and  dl-novi'iies  which  have 
boon  recorded.  I  have  selected  for  the  following  account  six,  perhaps, 
the  ma>it  interesting.  These  are  (1)  recent  determinations  of  stoihir 
motion  in  the  line  of  sight;  (2)  advances  in  astronomical  photognipliy ; 
(3)  the  nieiisurement  of  the  heat  ic^reivcd  from  the  stats;  (4)  the 
observation  of  the  planet  Eros;  (5)  the  total  solar  eclipse  of  May  I«, 
1!>I>1,  and  (6)  the  history  of  the  new  slar  in  I'erwus, 

1.   k*x;kst  urterm  I  nations  of   stei.lau   motion   in    tiik    line   of 

810  HT. 

It  is  now  over  thirty  years  since  Sir  William  Huggiiis  made  the 
earliest  application  of  DoppJer's  principle  to  the  prolilem  of  determining 
the  velocity  of  motion  of  the  stars  in  the  line  joining  the  star  witli  the 
olwciver,  technically  called  the  line  of  sight.  Before  thin  all  mea-siires 
of  stellar  motion  had  iMJcn  by  the  comparison  of  aecunite  positions 
obtained  many  years  apart,  and  giving  thns  the  stiiiv  "'proper  motion" 
or  motion  at  right  angles  to  the  line  of  .tight.  The  principle  of  Dop- 
pier,  however,  offers  a  mcan.s  of  discovering  the  other  comjionent  of 
stellar  motion,  for  in  accordance  with  it  the  apparent  wave  length  of 
light  is  increased  or  diminished  by  the  recession  or  approach  of  the 
source,  just  as  a  locomotive  whistle  bccumcs  of  higher  pitch  as  it 
comes  toward  us  and  lower  as  it  goes  away.  It  le'Hiires.  then,  in 
theory,  but  the  comparison  of  well  recognized  lines  in  th<'  stellar 
spectni  with  the  corresponding  ones  in  the  spectruui  of  a  terrestrial 
soui-ce,  to  sec  whether  or  not  the  star  lines  are  shifted  toward  the 
blue  or  the  red,  together  with  a  measurement  of  the  amount  of  this 
shifting  to  decide  if  the  star  is  approaching  or  leceding  froTn  us.  and 
at  what  mte.  In  practice,  however,  the  displacements  caused  by 
stellar  motion  are  so  slight  that  the  effects  of  a  varying  temperutun; 
of  the  apparatus  and  of  other  causes  nnike  this  one  of  the  most  diffi- 
cult fields  of  astronomical  investigation.  ^\q 
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Aft«i-  Sir  William  Huggins'M  tirHt  oxperim«iit«  in  ISOS  and  thtwe  of 
ProfesHor  Vogcl  ivt  I'otsdam  in  1871  the  work  was  faikcn  up  at  Green- 
wich and  pursued  foi-  thirteen  yearw.  Those  early  rcMulU  were  but 
rough,  however,  and  we  owe  to  the  introduction  of  astronomical 
photography  the  present  advances  in  thiu  as  in  so  many  other  lines. 
The  introduction  of  photography,  and  with  it  the  first  results  of  great 
value  for  accuracy,  date  from  the  observations  of  Vogel  at  Potadam 
in  1887.  Not  long  after  this  Professor  Keeler,  then  director  of  Alle- 
gheny Observatory,  obtained  bis  famous  spectrographic  proof  that  the 
rings  of  Saturn  consist  of  small  bodies  revolving  about  the  planet  in 
obedience  to  Keplar's  laws  and  are  not  continuous  rigid  sheets  of 
matter  as  they  appear  to  be  in  a  telescopic  view. 

The  most  celebrated  instrument  used  for  these  line  of  sight  researches 
is  that  known  as  the  Mills  spectrograph  of  the  Lick  Observatory,  with 
which  Professor  Campbell,  the  present  director,  has  made  and  b  stilt 
continuing  his  noted  tine  of  sight  determinations  for  all  the  brighter 
stars  of  the  northern  hemisphere.  An  illustration  of  this  instrument 
attached  to  the  SC-inch  equatorial  is  here  given  (PI.  J).  The  reader 
may  see  in  the  illustration  what  care  is  used  to  avoid  temperature  dis- 
turbances. With  the  Mills  spectrograph  the  accuracy  of  Professor 
Campbell's  determinations  has  become  very  great,  so  that  the  probable 
error  of  a  determination  from  a  single  photograph  may  be,  for  stars 
having  favorable  spectra,  far  within  a  single  kilometer  per  second. 

While  most  of  the  stars  observed  have  line  of  sight  velocities  not 
exceeding  10  kilometers  per  second,  certain  of  them  give  evidence  of  a 
far  greater  rapidity  of  motion,  iimounting  in  the  case  of  C  Ilerefulu  to 
no  less  than  70  kilometers  per  second  (or  nearly  45  miles).  Still  more 
interesting  are  the  variable  velocities  reported  in  numerous  cases. 
From  evidence  of  this  kind  Professor  Campl>ell  has  concluded,  for 
instance,  that  the  Pole  Star  is  not  single  as  it  appears  in  the  tele- 
scope, but  consists  of  a  system  of  no  less  than  three  bodies  revolving 
about  in  mutually  influenced  orbits. 

It  has  become  possible  with  the  spectroscope  not  only  to  prove  that 
several  stars  exist  where  only  one  is  seen  with  the  most  powerful  tele- 
scopes, but  to  determine  the  time  of  revolution  of  such  a  spectroscopic 
pair  in  its  orbit,  and  even  with  considerable  certainty  to  determine  tbe 
form  and  size  of  this  orbit  and  its  inclination  to  the  plane  of  the  eclip- 
tic, although,  as  I  have  said,  the  separate  stjirs  are  so  close  and  their 
orbit  so  circumscribed  as  never  to  be  seen. 

Line  of  sight  determinations  have  now  become  one  of  the  most 
important  features  of  astrophysical  study.  A  new  telescope  is  to  be 
devoted  to  this  purpose  at  the  Cape  of  Good  Hope  Observatory.  The 
Astrophysical  Observatory  at  Potsdam  has  very  recently  obtained  a 
new  stellar  spectrograph  of  the  most  approved  construction.  The 
Lick  Observatory  is  establishing  a  branch  observatory  in  South  Amer- 
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!<«  U>  i-oiDplctf!  thfi  spcctrog mphir  sHr\'c\'  of  tbn  Iieavcns,  and  tlio  ^reat 
equatorial  at  Vcrkcs  Observatory  ha:^  within  a  few  uioiitbis  Ikhmi  titted 
with  a  new  stellar  Hpeiitrogniph  of  the  {Ji-catest  perfection. 

a.    RECENT   ADVANCES   IN    ASTRONOMICAL   I'HOTO<JRAPllY. 

It  was  formerly  the  custom,  in  the  time  of  Sir  William  and  later  of 
Sir  John  Heraehel,  to  employ  reflecting  telescopes  for  .stellar  observa- 
tions. With  the  more  ret^ent  high  development  of  refracting  tele- 
scopes, mirrors  became  superseded  largely  by  ICnses  for  the  most 
refined  work.  It  is  well  known  to  whsit  extraordinary  size  and  perfec- 
tion telescope  objectives  have  risen,  so  that  in  the  United  States  alone 
we  have  perhaps  as  many  as  half  a  dozen  of  over  2  feet  clear  aperture, 
the  largest  being  the  40-inch  equatorial  of  the  Yerkes  Observatory, 
But  while  the  substitution  of  refracting  for  reflecting  instruments  thus 
went  on,  the  introduction  of  pbot<^rapby  in  astronomical  work  gave 
an  impetus  which  has  since  led  to  the  revival  of  the  use  of  refiectors. 

The  advantage  of  the  latter  is  due  in  part  to  the  fact  that  reflecting 
instruments  bring  all  rays  of  whatever  wave  length  to  the  same  focus, 
while  refractors  can  only  be  corrected  to  bring  a  certain  limited  num- 
ber of  wave  lengths  to  a  focus  at  any  given  plane.  When  refracting 
iostnmients  are  constructed  for  visual  purposes  it  is  customary  to  cor- 
rect the  lens  in  such  a  way  that  the  rays  which  affect  the  eye  most 
intensely  shall  be  brought  to  a  sharp  focus,  neglecting  so  far  as  is 
necessary  the  violet  rays  which  are  most  active  photogi-aphically.  It 
will  be  readily  seen  therefore  that  a  visual  refracting  telescope  is  not 
suitable  for  the  most  exact  phot<^i-aphic  operations.  Hence  it  has 
been  the  custom,  followed  at  the  Lick  Observatory,  at  the  Astropbysi- 
<!al  Observatory  at  Potsdam,  and  at  many  other  observatories  where 
great  refractors  are  employed,  to  have  an  additional  lens,  either  used  as 
acorrector  for  the  visual  objective,  or  wholly  suljstituted  for  it,  to  be 
employed  solelj'  for  photographic  purposes.  This  has  necessitated  a 
very  great  initial  expenditure  of  money  as  well  as  no  inconsiderable 
Waste  of  time  and  danger  to  the  instruments  in  the  substitution  of 
lenses,  as  the  instrument  is  changed  from  visual  to  photographic  uses. 

The  fatit  that  a  reflecting  telescope  with  all  itsappurtenances,  of  equal 
light-gathering  power  to  a  gi-eat  refractor  and  without  the  defect 
of  chromatic  aberration,  can  l>e  made  at  a  small  fraction  of  the  cost 
merely  of  the  len.'*  itself,  has  therefore  led  several  largo  observatories 
to  yield  their  great  equatorials  chiefly  to  visual  and  spectroscopic 
purposes,  supplementing  their  equipment  for  stellar  photography  by 
the  use  of  a  reflector  with  wholly  separate  driving  mechanism  and 
dome. 

Against  the  very  great  advantage  of  a  reflector  in  point  of  cost, 
however,  thei-e  is  to  be  offset  the  fact  that  the  extent  of  the  field 
where  the  definition  remains  good  at  the  focus  of  a  large  lens  is  fai^g||j 
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greater  than  the  corresponding^  fioki  in  ttic  focus  of  ii  (fi-oiit  mirror. 
But  notwithstandiiifr  this  disiui  viintii};e,  redcctors  havo  more  anil  more 
coine  into  use  for  photojjrapliic  purposes  within  recent  jraift,  and 
some  of  the  most  lH>autiful  ami  ^ti'iking  photographs  of  the  iiebulw 
and  star  clusters  oier  made  were  obtained  with  the  Crosslcy  reflector 
in  the  last  months  of  Ids  life  by  Professor  Kcoler,  director  of  the  Lick 
Observatory  at  Mount  Hamilton,  California,  Since  his  untimely  death 
the  instrument  has  been  continued  in  use  and  is  now  giving  excellent 
results. 

More  re^-ently  still  Mr.  Kit<ihey.  of  the  Ycrkcs  Observatory,  has 
designed  and  prei«ired  with  his  own  hands  a  ix'flccting  telescope  of 
slightly  smaller  dimensions  than  the  ('rossloy  instrument,  and  is  now 
obtainingphotographsofnebulw,  star  ciustci-s,  and  other  objects  requir- 
ing nmch  light-gathering  power  tmt  no  great  extent  of  field,  which 
are  unexcelltnl  for  excellence.  The  illusti-ation  {Plate  II)  shows  the 
great  nebula  in  Cvgnus  as  photographed  by  Mr.  Kitchey  with  un 
exposure  of  three  hours.  The  faintest  stars  shown  in  the  original  are 
more  than  lo,0<H)  times  fainter  than  the  unaided  eye  can  see.  Plate  III 
includes  two  drawings  from  photographs  by  Mr.  Kitchey  of  the  nebula 
round  Nova  Persei  taken  with  the  same  instrument. 

1  havo  spoken  of  the  large  expense  and  inconvenience  attending  the 
use  of  refracting  instruments  for  both  visual  and  photographic  pur- 
poses. In  preparing  the  great  Yerkcs  i-efnwtor  of  it)  inches  aperture 
no  provision  was  made  for  its  employment  as  a  photogra])hie  tele- 
scope, but  very  recently,  owing  to  the  great  advance  made  by  com- 
Tuercial  dry-plate  manufacturers  in  the  preparation  of  photographic 
plates  sensitive  in  the  yellow  and  green  portions  of  the  spectrum— that 
is  to  say,  those  portions  where  the  eye  is  the  most  sensitive — it  became 
possible,  if  the  imperfectly  focused  blue  and  violet  rays  of  the  instru- 
ment could  be  cut  off,  to  use  the  teles<'ope  without  prejudicially  long 
exposures  for  photographic  puri>ose.-.  Mr.  Uitchey  has.  accoi'dingly, 
employed  a  color  sci-een  close  to  the  photographic  plate,  by  means  of 
which  these  prejudicial  ravs  are  eliminated;  and  by  the  further  use 
of  a  most  efficient  following  apparatus,  also  of  Mr.  Ritchey's  design, 
there  has  recently  been  taken  with  this  telescope,  originally  intended 
only  for  visual  and  spectroscopic  purp<)ses,  extraordinarily  perfect 
lUitrononiicat  photographs  (PI.  IV).  This  marks  a  most  important 
advance  in  astronomical  photography,  for  it  thus  becomes  jTOssible, 
with  a  very  trifling  expense,  to  use  the  grc^it  visual  equatorials  of  the 
world  with  perfect  success  as  photographic  telescope.-". 

liefoTc  jjussing  from  the  sul>ject  of  celestial  photography  I  wish  to 
mention  a  combination  of  the  iT^fracting  and  reflecting  schemes  which 
is  now  being  employed  with  great  success.  It  will  be  remembered 
that  one  of  the  most  celebrated  fratuivs  of  the  Paris  Exjiosition  was 
the  "Great  Telescope,"  so-«ilicd,  and  that  this  was  empl^^cd  not 
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pointing  toward  tlie  cplewtial  object,  hut  pointiiijj  rather  at  a  great 
mirror  which  itself  reflected  the  lij^ht  to  the  lens.  TbiH  combination 
of  the  lens  and  the  mirror  is  coming  increasingly  into  favor.  It  was 
used  with  advantage,  as  the  leaders  of  last  year's  report  I'ememher, 
by  the  Smithsonian  eclipse  expedition  of  lit(H),  and  with  no  less  snccess 
by  observers  of  that  eclipse  from  other  places,  notably  by  Pi-ofessor 
Itiirnard  of  the  Yerkes  expedition. 

The  advantage  of  this  arrangement  consists  chiefly  in  that  the  tele- 
scope is  immovable  and  therefore  not  so  much  subject  to  the  shaking 
of  the  ground,  bad  following  of  the  clock,  or  to  flexure  of  the  tube 
of  the  lens  or  of  the  lens  itself,  all  of  which  arc  liable  to  seriously 
affect  the  steadiness  and  [R'rfection  of  the  image  of  a  gi-oat  e<juatorial. 
Of  course  these  sources  of  error  all  come  in  to  disturb  the  reflecting 
mirror  which  is  placed  in  front  of  the  telescope;  but  yet.  i>wing  to 
the  comiwutness  and  relatively  small  weight  of  the  ap|)arutus  which  is 
th(>re  driven,  these  sources  of  eri-or  may  t>e  much  diminished.  Itesides 
these  advantages  we  have  the  not  inconsidemble  furthei  gain  that  the 
visual  or  photographic  observer  can  carry  on  his  opei-ations  with  per- 
fect comfort  and  convenience,  owing  to  avoiding  the  necessity  of  fol- 
lowing the  moving  eye  end  of  an  equatorial.  In  a  recent  visit  to  the 
Yerkes  Oltservatory  I  had  the  pleasure  of  seeing  the  l)eginnings  of 
very  large  telescojH's  of  this  pattern  which  Professor  Hale  designs  to 
employ  for  the  most  delicate  and  far-reaching  photogi'aphic  and  radio- 
metric investigations. 

3.    THK   MEASUREMKNT   Or   TIIK    HEAT    RBCKIVKl)    FKO.M   THK   STARS. 

Attempts  were  made  as  early  as  IStii)  and  1870  by  English  astrono- 
mei-s  to  ol)tain  evidence  of  the  heat  received  at  the  earth  from  the 
brightest  stars.  These  exiHsriinenfs  were  carried  out  with  the  aid  of 
the  theiinopiU',  then  the  most  -sensitive  fonn  of  heat-moasuring  appa- 
mtus  known. 

Since  ISSOtheiv  have  been  devised,  however,  as  many  as  four  instru- 
ments far  more  sensitive  than  the  old-fashiont-d  thermopile.  These 
are  the  bolometer,  the  vadiomicrimieter,  the  improved  thermopile  of 
Hubens,  and  the  radiometer.  whi<h  last  hiw  reached  its  greatest  .sensi- 
tiveness in  the  hands  of  Prof.  E.  F.  Nichols. 

-^In  18S.S  Prof.  C.  IJ.  Uoys,  with  his  then  newly  invented  radionii- 
cromcter,  repeated  the  earlier  oliservations  on  the  heat  of  the  brighter 
star.s,  and  while  the  earlier  oliserx'ci-s  had  convinced  themselves  of  dis- 
cernible heating  effects,  be,  with  his  far  more  sensitive  animgcmonts, 
came  to  negative  results.  As  showing  the  gi-eat  sensitiv(;iiess  of  his 
apparatus  and  the  therefore  cxtrenu;  minuteness  of  the  amount  of  heat 
received  fi-om  the  stai-s.  it  need  only  be  said  that  in  the  ah.scnceof 
atmospheric  absorption  a  candle  placed  at  almost  a  miles  di.stan<:c 
Would  have  been  [jercuived  by  him.  GoOqIc 
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MotwithstandiDg  this  discouraging  evideove,  the  question  was  again 
taken  up  within  the  last  two  or  three  years  by  Professor  Nichols  w^ith 
hia  radiometer.  Before  mentioning  his  results  it  will  be  of  interest 
to  briefly  describe  that  instrument.  The 
principle  upon  which  it  is  based  iti  the 
well-known  one  of  theCrookes  revolving 
vanes,  familiar  in  the  collections  of  appa- 
ratus exhibited  in  the  physical  cabinets  of 
academies  and  colleges.  In  this  interest- 
ing toy  a  pair  of  small  metallic  vanes, 
blackened  on  opposite  sides  and  tixed 
perpendicularly  upon  a  light  arm,  itself 
horizontal  and  delicately  poised  at  its 
center  upon  a  vertical  axis,  iK  caused 
to  rotate  in  a  vacuum  by  the  inllucnco  of 
light. 

The  Nichols  radiometer  is  merely  this 
old  instrument  adapted  to  measure  the 
intensity  of  the  impinging  i-ays.     An  idea 
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of  its  construction  is  given  by  the  accompanying  diagram.  The  vanes, 
made  very  small,  are  fastened  at  tiie  ends  of  a  slight  .stem  of  glass  about 
one-fom'th  of  an  inch  long,  which  in  turn  is  fixed  at  right  angles  to  a 
second  longer  glass  stem  furnished  with  a  very  light  mirror  and  sus- 
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pended  by  an  extremely  thin  quartz  fiber.  All  is  inclosed  in  a  metal 
case,  with  a  glass  window  oppoaite  the  little  mirror,  so  aa  to  observe 
the  deflections  of  the  vanes  by  the  telescope  and  scale  method,  and  a 
second  window  of  fluorit«  or  other  material  transmissible  to  the  long 
wave-length  radiations  is  inserted  opposite  the  vanes  to  admit  the  rays 
to  be  measured.  The  case  is  air-tight  and  may  be  exhausted  to  any 
degree.  The  sole  force  which  keepi  the  vanes  at  the  zero  of  position 
when  uninfluenced  by  radiation  is  the  tortional  elasticity  of  the  quartz 
fiber,  and  this  resists  the  rotation  of  the  vanes  and  returns  them  to 
their  original  position  when  turned  temporarily  from  it  by  the  influ- 
ence of  radiation. 

An  extraordinary  degree  of  sensitiveness  of  this  instrument  was 
indioated  by  experiments  which  were  made  on  the  heat  of  a  candle  sit- 
uated 2,000  feet  from  the  concave  mirror  which  focused  tUt  i-ays  upon 
the  radiometer.  The  feeble  radiations  of  the  candle  at  this  great  dis- 
tance sufficed  to  turn  the  radiometer  through  nearly  a  hundred  scale 
divisions,  and  even  the  face  of  an  ot>server,  when  placed  in  the  position 
before  occupied  by  the  candle,  produced  a  deflection  of  2.5  scale  divi- 
sions. As  a  tenth  of  a  single  .scale  divi.sion  could  readily  he  observed, 
it  will  be  seen,  to  speak  figuratively,  that  with  the  radiometer  one 
might  note  the  approach  of  a  friend  while  yet  some  miles  distant, 
merely  by  the  glow  of  his  countenance. 

Correcting  the  observation  upon  the  candle  for  the  absorption  of  the 
earth's  atmosphere  in  the  layer  between  it  and  the  radiometer,  it  rtas 
found  that  in  the  absence  of  the  atmosphere,  a  single  candle  at  upward 
of  16  miles  could  have  been  detected,  so  that  the  instrumental  equip- 
ment was  far  more  sensitive  than  that  used  by  Professor  Boys  in  the 
negatively  resulting  stellar  observations  ali-eady  alluded  to. 

Experiments  were  performed  upon  the  radiations  of  the  stars  Vega 
and  Arcturus,  and  on  the  planets  Jupiter  and  Saturn.  The  heat 
of  each  of  these  objects  was  distinctly  recognized,  and  caused,  in 
the  mean,  deflections  of  0,51,  1.14,  2.38,  and  0.37  scale  divisions, 
respectively,  when  approximately  reduced  to  zenith.  Thus  the  rela- 
tive thermal  effects  of  Vega,  Arcturus,  -lupiter,  and  Saturn  are  as 
1:2.3:4.7:0.74.  This,  it  will  be  seen,  is  quite  appreciably  different 
from  their  relative  brightness  to  the  eye,  a  circumstance  which  may, 
with  additional  experiments,  lead  to  interesting  conclusions  regarding 
the  nature  of  the  radiation  received  from  these  several  objects. 

4.    THE   OBSERVATIOKS   OF   THE    PLANET    EROS. 

The  minor  planet  Eros,  it  will  be  recalled,  was  discovered  by  Witt, 
of  the  Urania  Observatory  at  Berlin,  August  13,  1898.  When  after 
se^ei'al  observations  its  approximate  orbit  was  computed,  this  was 
found  to  be  so  highly  eccentric  as  to  differentiate  this  new  planet  from 
the  many  other  asteroids  with  which  it  had  been  pi-ovisionally/ciassod.  i 
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So  highly  eccentric  indeed  was  tho  planet's  orbit  that,  although 
upward  of  90,0l)i).00i)  iiiilcfi  distant  at  unfavoroble  oppositions,  when 
nearest  the  earth  it  may  come  within  about  1;>,000,000  miles,  and 
is  on  these  occasions,  so  far  as  is  known,  our  nearest  celestial  neigh- 
bor after  the  moon.  This  j>«\-uliarity  caused  the  planet  to  Iwconie  an 
object  of  great  interest  on  account  of  its  [wssible  use  in  th*  more 
accurate  determination  of  the  sun's  distance  from  the  earth,  for  an 
object  at  1;>.<)00,001>  mill^s  distance  has  a.  very  appreciably  different 
position  among  the  .utars  if  viewed  from  opposite  ends  of  the  earth's 
diameter— no  less  a  parallax  indeed  than  100  s<'conds  of  arc.  Con- 
sequently iti5  actual  distance  from  the  earth  could  probably  l>e  deter- 
mined with  very  greiit  a(«'uracy,  and  this  distance  when  thus  lixed 
could  be  used  indirectly  to  obtain  a  new  estimate  of  the  sun's  distance 
fi-om  the  earth,  with  an  accnraej'  possibly  exceeding  that  of  earlier 
methods. 

Search  was  inmicdiat^'Iy  instituted  by  Prof.  K.  C.  Pickering,  the 
direct<M-  of  Harvaid  College  Oliservatory,  through  the  <-ontinu<>us 
photogmphic  record  of  the  stars  which  is  kept  up  at  that  ol>serv«tory, 
for  earlier  jxisitions  of  tlic  ]»laiict,  and  such  were  soon  found  among 
plates  taken  in  ISilH,  lS!t4,  and  ISiiii.  From  the.sc  observations,  which, 
taken  with  those  made  in  IS'.'S,  follow  the  planet  through  a  consider- 
able range  of  time,  a  very  accumte  orbit  was  <-omputed." 

The  orbits  <if  Eros  and  the  earth  wfiv  found  to  he  of  such  a  form 
that  their  next  reasonably  close  appmacb  would  occur  in  November, 
1900,  and  while  their  distance  at  this  time  was  indeed  considerably 
greater  than  their  least  jwjssible  distance  of  15,0iX),(HKJ  miles,  yet  it 
was  determined  to  institute  at  tliat  opposition  athorough  jmi-allax  cam- 
piign  to  i>e  taken  part  in  by  all  the  observatiiries  in  the  world  fitted 
with  instruments  suitjible  for  this  puipose,  for  it  would  be  necessary 
to  wait  upwiird  of  twenty  years  for  the  minimum  distance  to  occur. 
Fully  .")()  ijliservatorics  took  jNirt  in  this  [mnillax  cimipaign,  continu- 
ing ob-ervalioiis  from  Oilnbrr  through  to  alK>ut  tlie  1st  of  February. 
ThcM-  i>bsi'rvntions  were  in  i>art  photographic,  in  jmrt  visual,  and 
taken  at  stations  us  far  apart  its  the  Cape  of  (Jood  ]loi)e.  S<mth  Africa, 
and  Hclsingfors.  in  Finliuid,  and  indce<l  it  might  almost  be  said  tliat 
there  was  no  habitiiblc  quarter  of  the  earth  which  was  not  represented 
by  olxscrvci-s.  It  is  yet  too  early  to  ssiy  what  will  bo  the  results,  but 
it  is  hoped  that  they  may  lead  to  a  very  excellent  determination  of  the 
distance  of  the  sun. 

"Ab  Hii  evi.U-iui.'  ..f  ll.r  v:ibi.'  :.[  t),.-  i,li..l.^Tai>liic  r(v.,r.ls  of  llarvar.l  Colk'g.- 
OliMTViit.iry,  it  mv  ni>Tilly  ri'iu^irkcl  l.y  Prnhtwir  1  Vk.Tiin;  that  "if,  in  tliu  liiture, 
any  iitlu't  nI)iiTt  like  Kriw  kIkhiIiI  Ih'  diwyiVfirwl,  we  liavu  al  this  observatory  the 
iiieitJi.''  of  trauiiii;  its  piitli  ."inci-  is<in,  ihiriiitc  the  timt!  in  wliicK  it  was  moderately 
liri^'lir.  M  ill]  luMi'ly  a!<  ^rt'iil  a<*i-uriu'y  as  if  n  xurieH  (lE  oliwrvationH  hail  been  taken  of 
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But  in  connection  with  tbcso  ohsorvafionM  were  otheM  whi('h  are  of 
reniai'kablo  interest,  for  it  api»eiired  tliat  the  I>riglitnpss  of  the  planet 
variod  extniordinarily.  In  February,  IStOi,  it  wa-s  found  liy  P^uropean 
aMtntnomern  that  rapid  variations  occurred  to  the  anioiint  of  two  whole 
steliur  magnitudes,  which  wouid  lie  equivalent  to  a  variation  of  600 
per  cent!  More  recent  observations  show  that  tlie  range  of  bright- 
ness diminished  so  that  at  the  middle  of  May  there  was  apparently  less 
than  a  tenth  of  a  magnitude  variation.  The  extraordinary  amount  of 
these  fluctuations  in  the  brightness  of  a  planet  almost  baffles  explana- 
tion, and  several  theories  have  been  tentatively  proposed,  none  of 
which,  however,  as  yet  is  established.  Among  these  explanations  are 
that  the  planet  is  of  unequal  reflecting  power  on  different  portions  of 
its  surface;  that  the  variation  is  due  to  the  inclination  of  its  axis  taken 
in  connection  with  a  very  eccentric  fomi;  or  that  it  is  even  double,  as 
has  l)een  Bs.suined  by  M,  Andrfe  and  others,  by  whom  it  has  been  sug- 
gested that  there  may  be  two  single  bodies  alternately  eclipsing  each 
other.  In  any  of  these  explanations  it  is  extremely  difficult,  as  has 
been  said,  to  account  reasonably  for  the  very  remarkable  variationsof 
brightness.  The  question  is  complicated  by  the  \elocity  of  light,  the 
varying  distance  of  the  .sun  and  the  earth,  the  phase  of  the  planet  and 
the  direction  of  its  axis  of  rotation,  all  of  which,  while  they  make 
numerical  i-omputations  arduous,  yet  may  furnish  valuable  checks  on 
the  trast worthiness  of  any  theories  which  may  l)e  proposed. 

5.    TUB   TOTAL   SOLAK   ECLIPSE   OF   MAY    18,  1901. 

The  total  solar  eclii>se  of  May  18,  1901,  which-  occurred  over  a  l)ett 
extending  fi-om  the  island  of  Mauritius  across  the  Indian  Ocean  and 
through  sevpi-al  of  the  large  islan<ls  of  the  Dut«h  East  Indies  was  at 
its  maxinnim  over  six  minutes  long,  and  hence  gave  rise  to  many 
ohser\'ing  expeditions,  although  the  chances  for  favorable  oliserving 
weather  were  regarded  as  precarious  in  these  tropical  regions.  Most 
of  the  olwervers  selected  the  west  coast  of  the  island  of  Sumatra  for 
their  post  of  observation,  though  some  went  to  Mauritius,  others  to  an 
island  off  the  east  coast  of  Sumatra,  and  still  a  few  others,  I  believe,  to 
Borneo.  The  nations  represented  on  these  expeditions  included  the 
Netherlands,  the  United  States,  Great  Britain,  France,  Russia,  and 
Japan.  The  L'nitod  States  sent  the  gi-eater  numl)er  of  parties,  while 
the  Netherlands,  on  account  of  its  control  of  the  island  of  Sumatra, 
where  the  observations  were  conducted,  had  the  most  numerous 
observers  and  the  most  extensive  pi-ognimnie. 

The  I'nited  States  ob.servers  occupied  seven  stations,  all  on  or  near 
the  west  coast  of  Sumatra,  excepting  the  Anihei'st  College  expedition, 
wliich  was  station<>d  on  a  small  island  east  of  Snmatra. 

Kiigland  sent  three  [mrtii's,  <)ne  stationed  on  the  island  of  Mauritius, 
and  the  other  two  on  or  near  the  west  coast  of  Sumatra.         ("dcioli" 
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France  was  represented  by  one  observer,  Russia  by  one,  Japan  by 
several,  while  the  NeHerlands  made  very  extensive  preparation;*, 
including  the  participation  of  anny  officers,  a  portion  of  its  scientific 
staff  from  Batavia,  and  a  party  of  three  from  the  Netherlands  proper. 

The  Smithsonian  Institution,  as  will  be  recalled  by  the  readers  of  the 
report  for  1!)00.  had,  in  May  of  that  year,  observed  the  total  eelipse  at 
Wadesboro,  North  Carolina,  and  had  obtained,  among  other  results  of 
intci-est,  bolometric  evidence  indicating  a  prolmble  low  temperature  of 
the  corona,  while  on  a  single  photograph  of  the  region  near  the  sun 
there  had  been  found  certain  star-like  images  which  were  suspected  to 
be  due  to  as  yet  undiscovered  planets.  The  expedition  to  Sumatra 
was  undertaken  to  verify  these  tentative  results. 

These  two  kinds  of  research  proved  very  attractive  to  other  parties 
as  well,  for  the  Lick  Observatory,  the  Massachusetts  Int^titutc  of 
Technology,  one  of  the  English  parties,  and  the  Dutch,  all  had  appa- 
ratus for  the  photographic  search  after  intramcrcurtal  planets,  and  the 
Dutch  and  French  also  used  apparatus  designed  for  the  thermal  study 
of  the  radiation  of  the  corona. 

The  United  States  Naval  Observatory  expedition  was  largely  sp<ic- 
troscopic  in  character,  while  at  the  same  time  including  first-class 
outtit^  for  the  photography  of  the  corona.  One  of  these  especially 
deserves  mention,  for  it  was  undoubtedly  the  most  complete  and  well- 
arranged  apparatus  ever  used  for  coronal  photography.  I  refer  to 
that  of  Professor  Barnard,  of  the  Yerkes  Observatory,  an  invited 
member  of  the  Naval  Observatory  expedition.  Professor  Barnard  had 
the  same  optical  apparatus  which  he  used  at  Wadesboro,  North  Caro- 
lina, in  1900,  but  the  photographic  plates  were  much  more  numerous, 
owing  to  the  longer  eclipse,  and  included  one  plate  40  inches  stjuare, 
for  a  very  long  exposure. 

The  spectioscopic  work  of  the  Naval  Observatory  was  done  mainly 
with  diffraction  gratings,  a  rather  new  departure  in  eclipse  photogra- 
phy, and  the  programme  included  the  photography  of  the  flash  spec- 
trum and  of  the  coronal  spectrum.  For  the  latter,  Dr.  Gilbert  had 
polariscopic  apparatus  of  Professor  Wood's  design,  with  which  it  wb.s 
hoped  to  prove  the  existence  of  Fraunhofer  lines. 

The  Dutch,  as  has  lieen  said,  covered  a  very  wide  i-angc  of  observa- 
tion. Their  army  officei's,  at  various  stations  in  the  path  of  totality 
and  near  it,  made  meteorological  and  genei-al  observations,  while  their 
main  party  had  an  elal)orate  outfit  for  every  kind  of  eclipse  research. 

The  English,  as  did  the  Naval  Observatory  party,  made  &  main  fea- 
tuj-e  of  spectroscopic  work,  including  also  <tirect  photography  of  the 
corona  and  of  the  regions  thereabouts,  and  other  general  oi)servations. 

Before  pro<-ceding  to  the  discussion  of  the  eclipse  itself,  a  few 
remarks  upon  the  trip,  in  which  I  had  the  good  fortune  to  ^mrticipate, 
may  be  of  interest.     The  two  (iovcrnment  expeditions-of  the  jUnited 
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State's,  while  indepeDdcntly  wnt  out.  pnirccdcd  to<,'c'thcr  Jn  entire 
harnwmj'  and  good  feUowship,  and  added,  w^  far  as  was  in  their  power, 
t<>  eai-b  other's  success  and  enjoyment. 

Proceeding  from  Washington  on  the  .5th  day  of  February.  ItHIl,  wo 
reached  San  Francisco  on  the  11th  of  the  month.  Further  pa-ssajjo 
wa.s  arranged  for  upon  the  anny  trantti>ort  Slievtdan  from  San  Fmn- 
ciwo,  hy  way  of  Honoluhi,  to  Manila.  The  expeditions  left  San 
Franeisco  on  February  ItJ  and  after  a  somewhat  rough  pa-wage  (during 
which,  as  we  afterwards  learned,  the  ill-fated  steamer  Ri"  •/•mi'iii} 
went  ashore  at  San  Francisco)  we  reached  Honolulu,  whei-e  we  stayed 
several  days.  The  interest  and  enjoyment  of  our  stay  there  was 
greatly  increased  by  the  kindness  and  attentions  of  the  Stx'ial  Science 
Cliib  of  Honolulu. 

Leaving  Honolulu,  we  reached  Manila  March  18,  and  after  it  stay  of 
a  few  day.s  there,  during  which  very  inUTcsting  visits  were  made  t^> 
the  office  of  the  United  States  (.'oast  and  (leodetic  Survey  and  to  the 
Manila  Observatory,  we  proi-eeded  by  the  IT,  S.  ship  (•••uifml  Alam, 
which  had  been  detailed  by  the  Navy  Deiwitment  for  the  purpose, 
direct  from  Manila  to  Padang.  on  the  west  coast  of  Suniatm. 

We,  of  course,  being  without  exception  northern  hemisphere 
oliservers,  took  great  interest  in  sf^eing  the  unfamiliar  constellations 
rise  out  of  the  south,  and  in  seeing  our  familiar  north  star  gradually 
disappear.  The  ofiSeers  of  the  ship  took  every  possible  care  for  our 
comfort,  and  we  were  also  entertained  (and  some  of  us  inmiersed)  upon 
passing  the  equator,  by  the  court  of  His  Majesty  Neptunu^  Rex,  who 
came  aboard  in  true  man-of-war  style.  Another  incident  of  great 
interest  was  the  sight  of  the  famous  voKuno  Krakatau.  in  the  Strait 
of  Sundii,  whose  eruption  in  18X3  is  so  well  rciuemliered  us  the  occasion 
of  great  loss  of  life  and  also  of  intere.sting  astronomical  and  meteoro- 
logical occurrences,  due  to  the  voli-ani*!  dust  which  has  thrown  up  to 
such  extreme  heighU  that  it  became  distributed  all  mer  the  world.' 

We  reached  our  destination  at  Padang  April  4,  ncai'  sunset,  and 
while  the  passage  from  Manila  had  lieen  most  quiet  and  delightful,  yet 

■  It  will  U'  recalleil  that  tlie  expIuMion,  whiih  M-eumd  on  Mi>ii<lay.  the  27tli  day 
of  Auifiiat,  1883,  Biiil  wan  hean)  wveral  Ihoiiiiand  iiiik-F,  t'jok  [ilace  almiit  10  o'cliH'k 
in  the  morning,  hji  iletiTiiiiniKl,  ii<rt  by  any  oln^rverc,  for  iionu  8i[i'h  mirvived  to  It'll 
what  tlicy  saw,  but  by  nicleorologiiiil  obwrvuti'iiin  of  t)ie  uir  wav<■^>  wliich,  pruitfilitif; 
fmtn  tlie  volcano,  went  rounil  the  worUI,  wen:  ri'Hvi'teil  liai-k  from  the  anti|>oili<«, 
and  re-reflreteii  from  the  viilcano,  seven  <-on>plt;le  jiawfliiw-s  of  tiiu  tf\<j\)H  lieing  <li!4in- 
guiybe<l  l)efi)re  tliey  wholly  suhsiikii.  Fnrtherniori',  a  watt-r  wave  waw  thrown  up,  at 
BOine  |>ointa  as  much  as  l.W  ffi't  alxivt-  sea  \v\k\,  on  llie  siilcs  of  tin-  Strait  of  Ftunila; 
an<l  IhiM  water  wave  was  iiliwirvwl  at  the  ("ajH-  of  CiukI  T1o]b;,  at  ('a)H'  Horn,  and 
even  in  the  Knglieh  Clianncl,  no  lesx  tlian  It.lKN)  miliv  illritant.  Tlie  Strait  of  Siinda 
was  greatly  altered  in  ilsronligiiralion,  a  channel  overahnnilrcd  talhoniH  deep  exist- 
ing when'  |ircvioiiHjy  there  was  a  [jortioii  of  a  loountain  over  a  thuiinand  feet  above 
eea  level,  while  in  addition  a  wholly  nt-w  island  was  formed.  ^,  , 
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tlio  reineiiilnTtiR-c  of  tbi-  inner  harbor  will  alwavN  ishiy  with  me  hm  the 
typp  of  ahsolutit  jMiaco.  Scarce  a  ripple  .ftirri'd  itN  surface,  scan*  a 
sound  <-ame  to  our  oui-h.  and  when  a  littlu  lator  we  heard  the  monot- 
onous but  sweet  native  luusie  floating  over  the  water  the  feeling  of 
quietneus  and  i-eposo  was,  if  possible,  augmented. 

Our  rwt'ption  by  the  consular  agent  of  the  United  States,  Mr.  C.  (1. 
Veth,  on  Iwwrd  ship  early  next  morning,  was  niowt  cordial,  and  noth- 
ing could  exceed  in  kindne^ss  the  care  and  generosity  and  the  ai^^istanoe 
which  this  gentleman  gave  us,  not  only  on  that  day  but  upon  every 
succeeding  day  until  we  left  the  island.  We  learned  from  him  that 
(iovernor  Joekes  and  other  official  of  the  Dutch  CJovernment  had  put 
all  (xjtwible  conveniences  at  our  disposal,  including  the  free  iHMsuge 
both  for  ourselves  and  our  instruments,  at  any  time  daring  our  stay, 
all  over  the  system  <)f  Government  railroads  throughout  the  western 
coast  of  Sumatra. 

The  choice  of  stations  was  of  course  our  next  care.  In  the  publi- 
cationti  of  the  Netherlands  Eclipse  Committee,  a  series  of  meteor- 
ological observations  had  been  recorded  at  many  stations  in  Sumatni, 
antl  taking  into  consideration  these,  the  facilitj'  of  transportation  of 
appaiutus,  and  othei'  matters,  and  after  a  reconnaissance  of  sevenil 
days,  I  detttrmined  en  my  part  to  locate  at  a  small  place  in  the  interior 
named  Solok,  and  Pi-ofessor  Skinner  of  the  Naval  Observatory  made 
the  same  choice  for  his  principal  paity.  Here  there  is  a  fort,  not  at 
present  occupied,  which,  with  its  inclosurc,  was  placed  wholly  at  our 
disposal  by  the  Assistant  Resident  of  Solok,  Mr.  Derx.  This  fort  was 
Eulmirably  suited  for  our  purposes,  for  it  has  large,  cool  rooms  and 
smaller  outbuildings,  one  of  which  was  used  for  a  photographic 
house;  while  around  the  fort  was  a  level  inclosurc  surrounded  by  an 
embankment  and  moat,  and  still  further  by  a  system  of  barb-wire 
defences,  which  thoroughly  protected  us  not  only  from  hostile  but 
friendly  invasion.  Our  apparatus  arrived  in  perfect  order  and  was 
transported  fi-ora  the  railroad  station  to  the  fort  by  the  aid  of  a 
company  of  i>risoiuM's. 

While  walking  with  Mr.  Derx,  and  seeing  a  company  of  the  pris- 
oners go  by  cjirrying  a  load  of  our  instruments,  I  asked  him  what 
they  had  done  which  led  to  their  finding  themselves  in  this  .situation. 
"Ob,"  said  he,  very  coolly,  "some  have  murdered,  othei's  stolen,  and 
the  like." 

Our  stay  at  Solok  passed  quickly  by,  the  days  being  spent  in  arrang- 
hig  the  apparatus  and  in  drilling  ourselves  in  its  use,  so  that  we  found 
but  little  time  to  go  al>out  to  view  the  other  camps  or  to  see  the^ 
to  US-strange  sights  which  the  country  afforded.  However,  partly 
through  exchanges  and  partly  through  our  own  efforts,  we  all  of  us 
secured  a  more  or  less  complete  record  of  our  trip  and  stay,  in  the 
form  of  photogmphs,  two  of  which  are  hei-e  i-eproduced.     (Plate  V.) 
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Our  chief  anxiety  throughout  our  preparations  was  in  regard  to  the 
weather,  and  for  the  first  two  or  three  weeks  we  wore  under  groat 
despondently,  for  the  days  were  eloudy  almost  without  exi-eption.  and 
at  the  hour  when  the  eclipse  would  be  total  there  was  wjircely  a  day 
in  April  when  the  obwervations  would  have  been  succesisful.  With 
May,  however,  our  hopes  were  i-aised,  for  while  the  days  were  scarcely 
ever  fair  throughout,  yet  during  the  hour  of  totality,  according  to 
Professor  Barnard's  count,  about  two-thirds  of  the  days  in  May  would 
have  been  successful  eclipse  days.  Cloudy  nights,  however,  made  it 
very  diflScult  to  adjust  the  apparatus,  but  by  taking  advantage  of  what 
slight  opportunities  occurred  we  were  able  to  get  plenty  of  focus 
plates  by  means  of  which  we  were  assured  that  the  apparatus  was  in 
good  working  order. 

On  May  17  the  sky  was  overcast  and  it  rained  heavily,  but  we  hoped 
for  better  weather  for  the  18th,  thinking  that  so  severe  a  9torm  meant 
a  Hpe«dy  clearing,  and  sure  enough  on  the  morning  of  the  18th  the  sun 
broke  through  the  cloud-s  shortly  after  his  rising,  and  the  sky  became 
of  a  clearness  which  we  never  experienced  during  all  our  stay  thei-e. 
This  continued  until  after  10  o'clock,  when  thin,  hazy  clouds  lM>gan 
to  form  slowly,  leaving  a  perfectly  clear  ]te\t  about  the  horizon.  The 
first  contact  came  with  no  very  prejudicial  degree  of  cloudiness,  but 
after  that  it  grew  steadily  thicker,  leaving  still  a  clear  belt  around  the 
horizon,  and  when  the  t^r^c^al  moments  of  totality  oc^curred  the  posi- 
tion of  the  sun  could  but  indistinctly  l)e  di.scorned.  Glimi>ses  of  the 
inner  corona  and  prominences  could  be  seen,  with  the  planetw  Venus 
and  Mercury,  but  all  more  like  a  lantern  shining  through  a  thick  fog 
than  like  anything  fit  for  astronomical  observations.  It  seemed  wholly 
uselcsstogo  through  the  programme;  yet,  for  the  sake  of  having  some- 
thing to  show  that  we  had  been  at  an  eclipse,  we  exposed  all  the  intm- 
mercurial  planet  plate";  but  1  omitted  the  Ixdomctric  observations 
wholly,  as  they  could  not  possibly  lead  to  trustworthy  results,  I  was 
struck  with  the  amount  of  the  general  illumination.  The  belt  of 
totality  was  150  miles  wide  and  we  were  within  less  than  30  miles  of  its 
center,  so  that  there  was  a  total  eclipse  belt  of  nearly  50  miles  outside 
of  us,  and  I  had  expt^cted  a  degree  of  darkness  comparable  almost  with 
night,  but  wEis  astonished  to  perceive  that  in  mid-totality  the  day  was 
no  darker  than  it  often  is  during  a  heavy  fall  of  rain. 

We  were  a  sorrj'  party  aft«r  the  eclipse  as  we  watched  the  sky  again 
clear  and  give  us  what  we  had  so  longed  for  before— a  line  afternoon 
and  night.  Professor  Barnard,  especially,  was  almost  bn>ken  hearted, 
for  no  one  had  an  apparatus  so  absolutely  perfect  for  its  use  as  he,  and 
no  one  had  drilled  himself  to  such  a  state  of  dexterity  as  he,  and  no 
one,  I  suppose,  will  ever  obtain  an  eclipse  photogmph  which  will  sur- 
pass what  he  would  with  clear  sky  have  obtained  with  his  long  expo- 
sure on  the  40-inch  square  plate.     To  make  his  discouragement  still 
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more  oomplefo,  though  the  night  of  May  IS  was,  as  I  have  said,  gener- 
a.\\y  fifip.  ypt  whon  he  tpried  a«  a  last  atteaipt  to  make  a  long  exposure 
on  the  rift-i  in  the  southern  Zklilky  Way.  the  very  regions  he  wished 
most  to  fret  iteeaine  covered  with  a  flight  degree  of  fog  whieh  spoiled 
the  definition. 

The  other  parties  on  the  inland  all  fared  l>ettt'r  than  we;  but  only 
one,  the  hrani-U  of  the  Xaval  Observatory  expi'dition  whieh  was 
located  at  Fort  de  Kot^k.  oloce  to  the  northern  edge  of  the  shadow, 
had  perfe<-t  seeing.  There  ex<'ellent  photographs  of  the  corona  and 
prominenees  were  secured  with  the  i()-foot  instrument,  under  Mr, 
Peters's  chaise,  and  Hi>eitroscopi<'  results  of  value  were  obtained  with 
the  gmting  in  the  hands  of  Dr.  Humphreys.  Dr,  Mitchell,  at  Sawab 
Loento,  was  suc<'ossful  In  spite  of  clouds.  He  secured  a  fine  photo- 
graph of  the  "finsh  si«ictruur"  at  third  contact,  which  gives  much 
information  in  regard  t*>  the  sun's  atmosphere.  The  large  Uutch  jmrty 
bad  but  very  unsatisfa<torv  results,  as  the  cloudine-ss  was almast e^ual 
to  that  at  Solok.  The  main  porti<»n  of  the  English  expedition,  occu- 
pying a  small  isLmd  just  off  the  west  coast  of  Suniatm,  had,  though 
not  a  cloudless,  yet  a  not  very  cloudy  sky,  and  obtained  excellent 
results,  of  which  a  short  m'count  has  lately  appeared, 

Mr.  Perrine.  of  the  Lick  Obscnatory,  was  pretty  successful,  consid- 
ering that  he  also  observed  through  a  very  considerable  cloudiness, 
though  not  equal  to  that  at  Solok.  His  i n tram ercu rial  planet  appara- 
tus revealed  possiltly  thirty  or  forty  stars,  where  it  would  have  shown 
perhaps  a  thousand  had  the  sky  Ijcen  clear:  but  with  his  direct  photo- 
graphs and  with  his  spectro-st'opic  work  he  wa.s  much  more  successful. 
In  a  preliminary  rej^rt  from  the  Lick  Observatory  it  appearij  that  he 
has  obtained  good  photographs  of  the  coronal  spectrum  extending  to 
considerable  distances  each  side  of  the  sun,  and  taken  with  slit  spectro- 
scopes with  the  slit  I)oth  tjvngential  and  radial  to  the  sun's  limb. 

In  each  of  these  the  outer  but  not  the  inner  corona  was  shown  to 
have  faint  Fraunhofer  absoi-ption  lines  in  the  spectrum,  giving,  in  other 
words,  a  reflectcd-solarspectrum,  thuspi'oving  thata  portion  at  least  of 
the  coronal  light  is  rertect<^d  from  particles.  His  spectrum  photo- 
graphs, however,  show  in  addition  that  the  major  part  of  the  coronal 
light  is  probably  not  reflected,  and  he  attrilmtes  it  to  the  incandescence 
of  particles  heated  l)y  their  proximity  to  the  sun.  This  view,  some 
readers  may  recall,  would  be  in  contradiction  to  that  tentatively 
advanced  from  considerations  of  the  itolometric  experiments  of  the 
Smithsonian  Institution  at  Wadeslioro,  North  Carolina,  in  It'OO,  which 
yielded  the  inference  that  the  inner  corona  was  relatively  a  cool  source 
of  light  assimilable  to  the  glow  discharge  or  to  the  aurora,  I  can  not 
altogether  un<lerstnnd  why  it  is  that  Mr.  Perrine  so  positively  pro- 
nounces the  radiation  of  the  inner  corona  that  of  an  incandescent  body 
rather  than  that  of  an  electrical  discharge  or  spmethir^g'of  a^^iinilar 
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nature,  for  either  would  give  a  continuous  spectrum  such  as  he 
observed.  Yet  he  may  have  additional  cvidencp,  of  which  1  am  not 
aware,  in  support  uf  this  conclusion. 

Mr,  Pcrrine  has  noted  the  very  interesting  fat^t  that  a  certain  dis-   - 
turlH'd  region  of  the  corona  fell  dire<rtly  over  the  only  sun  spot  which 
appeared  on  the  sun  within  a  week  or  more  of  the  eclipse. 

After  the  eclipse  was  over  we  spent  the  days  in  packing  the  instru- 
ments, the  nights  in  developing  the  photographs,  and  were  ready  to 
leave  the  island  by  May  28.  On  the  night  before  our  departure  Mr. 
Veth,  the  United  States  consular  agent,  as  a  last  proof  of  his  great 
kindness,  gave  a  reception  to  the  American  and  English  astronomers 
and  naval  officers.  This  function  was  extremely  enjoyable  and  was 
participat«-d  in  by  the  odieials  of  the  Dutch  Government  and  by  the 
society  of  Padang,  and  gave  us  a  feeling  that  however  inhospitable  to 
astronomers  could  he  the  climate  of  Sumatra,  yet  the  kindne.Hs  of  its 
people  went  tar  to  atone  for  it. 

6.   THE   NEW  STAR  IN  PERAEUS. 

The  greatest  interest,  both  among  astronomers  and  the  public,  was 
excited  by  the  announcement  of  the  discovery  on  February  ai,  ISJOl, 
at  1+  hours  iO  minutes  Greenwich  mean  time,  by  Dr.  T.  D.  Anderson, 
of  t^inhurgh,  S<'otland,  of  a  new  star  in  Perseus.  This  star  at  the 
time  of  its  discovery  was  of  the  2.7  magnitude  and  shone  with  a 
bluish  white  light.  It  rapidly  increased  in  brightness  until  on  Feb- 
ruary 23  it  reached  the  0.0  magnitude,  and  was  then  brighter  than 
any  fixed  star  in  the  heavens  with  the  exception  of  Sirius  and  Canopus. 
An  inunediate  search  on  the  plates  taken  at  the  Harvard  College 
Observatory  showed  that  on  February  2,  6,  8, 18,  and  Ifi,  l!)01 — that  is 
to  say,  up  to  within  two  days  of  the  star's  discovery  by  Dr.  Anderson — 
there  was  no  object  there  as  bright  as  the  10.5  magnitude. 

The  duration  of  extreme  brightness  of  Nova  Persei  was  but 
temporary,  for  on  reaching  its  maximum,  on  February  '23,  it  imme- 
diately commenced  to  decline,  and  by  February  28  had  reached  the 
second  magnitude,  when,  after  a  slight  increase  in  brightness,  it  again 
declined  nearly  continuoasly  until  March  18,  when  it  had  reached  the 
fifth  magnitude.  Then  began  a  series  of  great  fluctuations  of  a  some- 
what periodic  nature,  with  maxima  a'jout  two  days  apart,  so  that,  for 
instance,  on  the  lyth  of  March  the  star  was  of  the  (i.5  magnitude, 
while  on  the  21st  it  .was  of  the  i.7  magnitude,  a  variation  of  nearly  600 
percent.  These  fluctuations  continued  with  more  or  less  regularity, 
though  with  a  gradually  increasing  interval  between  them,  until  the 
middle  of  the  summer,  when  the  brightne.ss  became  fairly  steady  at 
the  sixth  to  seventh  magnitude,  and  since  then  there  have  been  no  very 
considerable  alterations.      The    illustration  (Plate  VI)  takea.from  , 
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Popular  Astronomy,  Xoveml>er,  1901,  shows  the  history  of  the  hright- 
ne»8  of  the  star  up  to  the  last  of  April. 

Immediately  after  its  discovery  the  spectrum  of  Sova  Persei  was 
thoroughly  studied  Ijoth  by  photography  and  visual  observations. 
When  first  found  its  spcL-trum  was  almost  perfectly  continuous,  but  a 
close  examination  revealed  a  few  delicate  darlt  Fraunhofer  lines  in 
the  green,  so  that  at  that  time  the  spectrum  was,  though  feebly  devel- 
oped, yet  of  the  so-called  Orion  type,  and  very  unlike  that  of  the  other 
new  atam  which  had  heretofore  been  observed,  and  of  which  bright 
lines  are  the  most  con.'tpicuous  feature.  By  February  :J4  the  .ipectnini 
showed  a  remarkable  change,  being  now  traversed  by  numerous  dark 
and  bright  bands  and  closely  resembling  that  of  the  famous  Nova 
Auriga;  (an  earlier  di.scovery  of  Dr.  Anderson),  so  that  the  star  now 
became  entireh'  similar  to  other  new  stars.  This  type  of  spectrum 
continued  with  only  moderate  variations  until  March  19,  when  there 
appears  to  have  been  a  peculiar  change  in  the  spectrum.  No  dark 
lines  were  present  on  that  date  except  a  few  faint  lines  due  to  the  par- 
tial reversal  of  the  bright  bands,  but  the  continuous  spectrum  was 
almo:jt  invisible.  On  March  33,  however,  the  continuous  sjwctrum  had 
reappeared  with  narrow  dark  lines,  and  on  March  27  and  afterwards 
there  was  a  sti-ong  continuous  spectrum.  During  the  month  of  April 
the  spectrum  departed  from  the  recognized  type  in  many  particular, 
and  occftsionally  the  continuous  part  was  absent,  only  separated  bright 
bands  remaining.  There  appears  then  to  have  been  two  types  of  spec- 
trum during  the  months  of  March,  April,  and  May,  while  the  bright- 
ness of  the  star  was  .so  variable,  and  it  is  interesting  to  note  that  on 
the  dates  when  the  spectrum  was  peculiar — that  is  to  say,  not  similar 
to  the  speutm  of  the  other  new  stars — the  brightness  of  Nova  Persei 
was  at  a  minimum. 

But  not  only  has  Nova  Persei  made  a  characteristic  record  for  itself 
as  regards  the  variations  of  its  Itrightness  and  of  its  spectrum,  but  in 
August  it  presented  a  new  and  still  more  remarkable  feature.  Repoi-ts 
came  from  France  that  a  faint  nebula  had  been  photographed  about 
the  star,  and  while  this  was  at  first  contradicted  and  ascribed  to  optical 
defects  in  the  apparatus,  yet  it  was  not  long  !«forc  the  discovery  was 
thoroughly  conlirnmd,  and  a  faint  circular  nebula  was  photogi-ai)hed 
surrounding  the  planet  like  a  halo.  Nor  was  this  all,  for  there  were 
in  the  nebula  several  condensations  of  nebulosity,  which  were  suffi- 
ciently marked  to  have  definite  positions. 

On  Novemt>er  7  and  8  this  nebula  was  photographed  at  the  Lick 
Observatory,  and  upon  comparing  the  position  of  the  conden.sations  of 
which  I  have  spoken  with  the  photograph  obtained  on  SeptcmlM?r  20, 
at  the  Yerkes  OI)servatory,  jt  was  found  that  these  condensations  bad 
actually  moved  at  a  rate  which,  if  continued  for  a  year,  would  amount 
toll  minutes  of  arc  in  the  heavens.     The  readei' wjll  ^n^^yifjl^ce 
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of  this  displacement  in  I'late  III,  already  referred  to.  I^ater  photo- 
gi'aphs  show  a  continuation  of  the  rapid  expansion  of  the  nebula.  The 
astonishing  m^nitude  of  this  motion  becomett  more  appreciated  when 
it  hi  said  that  the  greatest  displacement  or  proper  motion  of  a  star  so 
far  oltserved  in  the  whole  universe  is  lens  than  9  seconds  per  iinnum, 
or  less  than  one-seventieth  part  of  the  rate  of  motion  of  the  nebula 
surrounding  Nova  Persei.  This  great  disparity  has  led  some  to  think 
it  is  the  propagation  of  light  and  not  of  material  which  is  made 
apparent. 

What  further  of  interest  Nova  Persei  has  in  store  for  us  we  can  not 
foretell,  but  up  to  the  present  time  its  appearance  and  subsequent  his- 
tory have  deserved  to  take  rank  as  the  foremost  astronomical  event  of 
the  year. 
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A  MODEL  OF  NATITKK." 


By  Arthur  W.  Rucker,  M.  A.,  LL.D. 


•  •  •  Two  years  ago  Sir  Michael  Foster  dealt  with  the  work  of 
the  century  as  a  whole.  Last  year  Sir  Williuni  Turner  dlMcussed  in 
gi'eater  detail  the  growth  of  a  single  branch  of  st-ient-e.  A  third 
and  humbler  task  remains,  viz,  to  fix  our  attention  on  some  of  the 
hypotheses  and  asttumptions  on  which  the  fabric  of  modern  theo- 
retical science  has  been  built,  and  to  inquire  whether  the  foundations 
have  been  no  "  well  and  truly  "  laid  that  they  may  he  trusted  to  sustain 
the  mighty  supei-structuro  which  is  being  raised  upon  them. 

The  moment  is  opportune.  The  three  chief  conceptions  which  for 
many  years  have  dominated  physical  as  distinct  from  biological  science 
have  been  the  theories  of  the  existence  of  atoms,  of  the  mechanical 
nature  of  heat,  and  of  the  existence  of  the  ether, 

I>altoii'n  atomic  theorj'  was  first  given  t«  the  world  l)y  a  Glasgow 
professor — Thomaw  Thomson— in  the  year  1807,  Dalton  having  com- 
municated it  to  him  in  1804.  Kuniford's  and  Davy's  experiments  on 
the  nature  of  heat  were  published  in  17it8  and  ITWt,  respectively;  and 
the  celebrated  Bakerian  lecture,  in  which  Thomas  Young  established 
tho  undulutory  theory  by  explaining  the  interference  of  light, 
appeared  in  the  Philosophical  Ti-ansatitions  in  1801.  The  keynotes  of 
the  physical  science  of  the  nineteenth  century  were  thus  struck  as  the 
century  liegan  by  four  of  our  fellow-countrymen,  one  of  whom — Sir 
lienjaniin  Thompson,  Count  Kumford — preferred  exile,  from  the  land 
of  his  birth  to  the  loss  of  his  birthright  na  a  British  citizen. 

IXIUHT8   AS   T<i    SCIENTIJIC   TIIEOKIKS. 

It  is  well  known  that  of  late  doubts  have  ari.sen  as  to  whether  the 
atomic  theory,  with  which  tho  mechanical  theory  of  heat  is  closely 
bound  up,  and  the  theory  of  the  existence  of  an  ether  have  not  served 
their  purpose;,  and  whether  the  time  has  not  come  to  reconsider  them. 

The  facts  that  Professor  Poincar*^,  addres'iing  a  congress  of  physi- 
cists in  Paris,  and  Professor  Poynting,  addressing  the  physical  section 

•  Adilrcsa  of  tlm  I'rcaident  of  the  IlriliHli  .^ustwialicm  (or  tlie  Ailvaiictinn'iit  of 
Science,  at  the  Glasgow  meeting,  1901.  Keprinted  from  Ke(Htrt  of  the  Britiah  Aatu- 
cUtion,  1901.  II     I     C.lHWiC 
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of  the  association,  have  recently  discussed  the  true  meaning  of  our 
scientific  methods  of  inteipretation:  that  Dr.  .lames  Ward  has  lately 
delivered  an  attack  of  great  power  on  many  jHiHitions  which  eminent 
scientific  men  have  oi-cupied:  and  that  the  approaching  end  of  the 
nineteenth  century  icA  Profe.-*sor  Ha>ekel  to  dcHne  in  a  moie  popular 
manner  his  own  very  definite  views  aa  to  the  solution  of  the  "Rid- 
dle of  the  Universe,"  arc,  perhaps,  a  aufEcicnt  justification  of  an 
attempt  to  lay  before  yon  the  diflicnities  which  surround  some  of  the.se 
questions. 

To  keep  the  discus.sion  within  reasonable  limitH,  I  shall  illustrate  the 
principles  under  review  by  means  of  the  atomic  theoiy,  with  compara- 
tivelj'  little  refereiK'e  to  the  ether,  and  we  may  also  at  first  confine  our 
attention  to  inanimate  objects. 

THE  CONSTBUCnON   OP  A    MODKL  OF   NATURE. 

A  natural  philosopher,  to  use  the  old  phra.«e,  oven  if  only  possessed 
of  a  most  superficial  knowledge,  would  attempt  to  bring  some  order 
into  the  results  of  his  observation  of  nature  hy  grouping  together 
statements  with  regard  to  phenomena  which  are  obviously  related. 
The  aim  of  modern  science  goes  far  Ix-jond  this.  It  not  only  shows 
that  many  phenomena  are  related  which  at  first  sight  have  little  or 
nothing  in  common,  but,  in  so  doing,  also  attempts  to  explain  the 
relationship. 

Without  spending  time  on  a  discussion  of  the  meaning  of  the  word 
"explanation,"  it  is  sufficient  to  say  that  our  efforts  to  astjiblish  rela- 
tionships between  phenomena  often  take  the  form  of  attempting  to 
prove  that  if  a  limited  numl>er  of  assum|>ti()ns  are  granted  as  to  the  con- 
stitution of  matter,  or  as  to  the  existence  of  quasi  material  entities, 
SHch  as  caloric,  electricity,  and  the  ether,  a  wi<h'  range  of  observed  facts 
falls  into  oi-der  as  a  necessary  consequence  of  the  assumptions.  The 
question  at  issue  is  whetherthe  hypothe-!os  which  are  at  the  base  of  the 
scientific  theories  now  most  geiicially  accei>ted  are  to  Iw  regaixJed  as 
accurate  descriptions  of  the  constitution  of  the  universe  around  us,  or 
merely  as  convenient  fictions. 

Convenient  fictions  Iks  it  observed,  for  even  if  they  are  fictions  they 
are  not  useless.  From  the  practical  point  of  view  it  is  a  matter  of 
secondary  importance  whether  our  theorit-s  and  assumptions  are  cor- 
rect, if  only  they  guide  us  to  results  which  are  in  accoi-d  with  facta. 
The  whole  fabric  of  scientific  theory  may  l)e  regarded  merely  as  a 
gigantic  "aid  to  memory;"  as  a  means  for  producing  apparent  order 
out  of  disorder  by  cmlifying  the  ob.served  facts  and  laws  in  accord- 
ance with  an  artificial  system,  and  thus  arranging  our  knowledge  under 
a  comimrativcly small numlR'rof  heads.  The  simplification  introduced 
hy  a  scheme  which,  however  imperfect  it  may  be,  enables  us  to  argue 
from  a  few  tii-st  principles,  makes  theories  of  practical  use.     By  means 
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of  thciu  wc  Clin  foiMor  Iho  results  of  combinations  of  niiises  which 
would  otherwise  elude  um.  We  eun  predict  future  eveuts,  and  can 
even  attempt  to  ai^e  buck  from  the  present  to  the  unknown  past. 

But  it  is  passi))le  that  these  advantages  uiight  be  attained  by  means 
of  axioms,  assumptions,  and  theories  Imsod  on  very  false  ideas.  A 
person  who  thought  that  a  river  was  really  a  streak  of  blue  paint  might 
learn  as  much  about  its  direction  from  a  map  as  one  who  knew  it  as  it 
is.  It  is  thus  conceivable  that  we  nii^ht  be  able,  not  indeed  to  con- 
struct, but  to  imagine,  something  more  than  a  mere  map  or  diagram, 
something  which  might  even  be  called  a  working  model  of  inanimate 
objects,  which  was,  nevertheless,  very  unlike  the  realities  of  nature.  Of 
course  the  agreement  Ix-tween  the  action  of  the  model  and  the  behavior 
of  the  things  it  was  designed  to  repi-esent  would  probably  be  imperfect, 
unless  the  one  were  a  facsimile  of  the  other;  but  it  is  conceivable  that 
the  correlation  of  natural  phenomena  could  be  imitated,  with  a  large 
measure  of  success,  by  means  of  an  imaginary  machine  which  shared 
with  a  map  or  diagnim  the  characteristic  that  it  was  in  many  ways 
unlike  the  things  it  represented,  Imt  might  be  compared  to  a  model  in 
that  the  behavior  of  the  things  represented  could  be  predicted  from 
that  of  the  corresponding  parts  of  the  machine. 

We  might  even  go  a  step  farther.  If  the  laws  of  the  working  of  the 
model  could  be  expressed  by  abstractions,  as,  for  example,  by  mathe- 
matical formulee,  then,  when  the  formula;  were  obtained,  the  model 
might  be  diacardetl,  as  prot»ably  unlike  that  which  it  was  made  to 
imitate,  as  a  mere  aid  in  the  construction  of  equations,  to  be  thrown 
aside  when  the  pcrfe<'t  structure  of  mathematical  symbols  was  erected. 

If  this  course  were  adopted  we  should  have  given  up  the  attempt  to 
know  more  of  the  nature  of  the  objects  which  surround  us  than  can  be 
gained  by  direct  observation,  but  might  nevertheless  have  learned 
how  these  objects  would  behave  under  given  circumstances. 

We  should  have  abandoned  the  hope  of  a  physical  explanation  of 
the  propeilies  of  inanimate  nature,  but  should  have  secured  a  mathe- 
matical description  of  her  opemtions. 

There  is  no  doubt  that  this  is  the  easiest  path  to  follow.  Criticism 
is  avoided  if  we  admit  fi-oni  the  first  that  we  can  not  go  below  the  sur- 
face; twi  not  know  anything  about  the  constitution  of  material  Iwxlies, 
but  must  be  content  with  formulating  a  description  of  their  K'havior 
by  moans  of  laws  of  nature  expressed  by  eipiations. 

But  if  this  is  to  be  the  end  of  the  study  of  nature,  it  is  evident  that 
the  construction  r)f  the  model  is  not  an  essential  part  of  the  process. 
The  model  is  used  merely  as  an  aid  to  thinking,  and  if  the  relations  of 
phenomena  can  be  investigated  without  it,  so  nuuh  the  better.  The 
highest  form  of  theory — it  may  'm'  said — the  widest  kind  of  generali- 
zation, is  that  which  has  given  up  the  attempt  to  form  clear  mental 
pictures  of  the  constitution  of  matter,  which  expresses  the  facts  and|^ 
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tbc  InwH  by  language  and  syin)M>lH  whii-h  lead  to  results  that  arc  true, 
whatever  t>c  our  view  as  to  the  real  nature  of  the  objects  with  which 
we  deal.  From  this  point  of  view  the  at4>inie  theory  l>ecoinos  not  so 
much  fal»e  an  unnecessary.  It  may  be  rcfjarded  as  an  attempt  to  give 
an  unnatui-al  precision  to  ideas  which  are  and  niUMt  be  vague. 

Thus,  when  Kumford  found  that  the  mere  friction  of  metals  pro- 
duced heat  in  unlimited  quantity,  and  argued  that  heat  was  therefore 
a  mode  of  motion,  he  formed  a  clear  mental  picture  of  what  he  believed 
to  be  ocrurring.  Hut  his  experiments  may  l)e  quoted  as  proving  only 
that  encry^'  can  be  supplied  to  a  body  in  indefinite  quantity,  and  when 
supplietl  by  doing  work  against  fri<'tion  it  ap|x>ars  in  the  form  of  heat. 

By  using  this  phraseology  we  exchange  a  vivid  conception  of  mov- 
ing atoms  for  a  colorless  statement  as  to  heat  energy,  the  real  nature 
of  which  we  do  not  attempt  to  detine;  and  methods  which  thus  evade 
the  problem  of  the  iiatui'c  of  the  things  which  the  symbols  in  our 
equations  represent  have  l>een  prosecuted  with  striking  success,  at  all 
events,  within  the  range  of  a  limited  class  of  phenomena.  A  great 
school  of  chemiNts,  building  upon  the  thermodynamics  of  Willard 
Gibbs  and  the  intuition  of  Van't  Hoff,  have  shown  with  wonderful 
skill  that,  if  a  .sufficient  number  of  the  data  of  experiment  arc  assumed, 
it  is  possible,  liy  the  aid  of  tlwrmodynamics.  to  trace  the  form  of  the 
relation.s  between  many  physical  and  chemical  phenomena  without  the 
help  of  the  atomic  theory. 

But  this  method  deals  only  with  matter  as  our  coarse  senses  know 
it;  it  does  not  pretend  to  penetrate  l)eneath  the  surface. 

It  is  therefore  with  the  greatest  respect  for  its  authoi's,  and  with  a 
full  recognition  of  the  enormous  jwwer  of  the  weapons  employed, 
that  I  venture  to  assert  that  the  exposition  of  such  a  system  of  tactics 
can  not  l»  legarded  lus  the  last  word  of  science  in  the  struggle  for  the 
truth. 

Whether  we  gi'applo  with  them  or  whether  we  shirk  them;  however 
much  or  however  little  we  can  accomplish  without  answering  them, 
the  questions  still  force  themselves  upon  us:  Is  matter  what  it  seems 
to  be*  Is  intei'planetary  space  full  or  empty?  Can  we  argue  back 
from  the  direct  impressions  of  our  senses  to  things  which  we  can  not 
directly  jK'rceive — from  the  phenomena  displayed  l»y  matter  to  the 
constitution  of  matter  itself? 

It  is  these  questions  which  we  are  discussing  to-night,  and  we  may 
therefore,  as  far  as  tlie  pivscnt  address  is  concerned,  put  aside,  once 
for  all,  methods  of  scientific  exposition  in  which  an  attempt  to  form  a 
mental  picture  of  the  constitution  of  matter  is  practically  abandoned, 
and  devote  ourselves  to  the  inquiries  whether  the  effort  t<i  form  such 
a  picture  is  legitimat^^  and  whether  we  liave  any  reascni  to  believe 
that  the  sketch  which  science  has  already  drawn  is  to  some  extent  a 
copy,  and  not  a  mere  diagram,  of  the  truth.  (    (iitoli^ 
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snccEssrvE  stepa  in  the  analysis  of  matteh, 

III  dealing,  then,  with  the  question  of  the  oontttitution  of  matter  and 
the  possihility  of  representing  it  ai'curatcly,  we  may  grant  at  once 
that  the  ultimate  nature  of  things  is,  and  must  remain,  unknown;  but 
it  does  not  follow  that  immediately  below  the  <'omplexitic8  of  the 
superlicial  phenomena  which  affect  our  senses  there  may  not  l>e  a 
simpler  machinery  of  the  existence  of  which  we  can  obtain  evidence, 
indirect,  indeed,  hut  conclusive. 

The  fact  that  the  apparent  unity  which  we  tall  the  atmosphere  can 
be  resolved  into  a  nnmber  of  different  gases  is  admitted;  though  the 
ultimate  nature  of  oxygen,  nitrogen,  argon,  carbonic  acid,  and  water 
vapor  is  as  unintelligible  as  that  of  air  as  a  whole,  so  that  the  analysis 
of  air  may  be  said  to  have  substituted  many  incomprehensibles  for  one. 

Nobody,  however,  looks  at  the  question  from  this  point  of  view. 
It  is  recognized  that  an  investigation  into  the  proximate  constitution 
of  things  may  be  ust^ful  and  sucx'essful,  even  if  their  ultimate  nature 
is  Ixsyond  our  ken. 

Nor  need  the  analysis  stop  at  the  tirst  step.  AVater  vapor  and  car- 
bonic acid,  themselves  constituents  of  the  atmosphere,  are  in  turn 
resolved  into  their  elements,  hydrogen,  oxygen,  and  carbon,  which, 
without  a  formal  discussion  of  the  criteria  of  reality,  we  may  safely 
say  are  as  real  as  air  itself. 

Now,  at  what  point  must  this  analysis  stop  if  we  are  to  avoid  cross- 
ing the  boundary  Iwtwcen  fact  and  fiction?  Is  there  any  fundamental 
difference  between  resolving  air  into  a  mixture  of  gases  and  resolving 
an  elementary  gas  into  a  mixture  of  atoms  and  ether! 

There  are  those  who  cry  halt  at  the  point  at  which  we  divide  a  gas 
into  molecules,  and  their  lirst  objection  seems  to  l>e  that  molecules  and 
atoms  can  not  be  directly  perceived,  can  not  Iw  seen  or  handled,  and 
are  mere  conceptions,  which  have  their  uses,  but  can  not  tw  regarded 
as  realities. 

It  is  easiest  to  reply  to  this  objection  by  an  illustration. 

The  rings  of  Saturn  appear  to  be  (■ontinuous  masses  separated  by 
circular  rifts.  This  is  the  phenomenon  which  is  observed  through  a 
telescope.  By  no  known  means  can  we  ever  appivach  or  handle  the 
rings;  yet  everybody  who  understands  the  evidence  now  believes  that 
they  are  not  what  they  appear  to  be,  but  consist  of  minute  nioonlets, 
closely  packed,  indeed,  but  separate  the  one  from  the  other. 

In  the  first  place,  Maxwell  proved  mathematically  that  if  a  Saturn- 
ian  ring  were  a  continuous  solid  or  fluid  mass  it  would  be  unstjible 
and  would  necessarily  break  into  fragments.  In  the  next  place,  if  it 
were  possible  for  the  ring  to  revolve  like  a  solid  body,  the  inmost 
part**  would  move  slowest,  while  a  satellite  moves  faster  the  nearer  it 
is  to  a  planet     Now,  spectroscopic  observation,  bajjed  on  tbfrb^utJ^U 
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method  of  Sir  W.  Ilug^ins,  whows  not  only  that  tho  inner  portiooB  of 
the  rinp  move  the  more  rnpidly,  but  that  the  actual  velocities  of  the 
outtT  and  inner  edjjes  are  in  close  awrord  with  the  theoretical  velocitii's 
of  .satellites  at  like  distances  from  the  planet. 

This  and  a  hundred  i^imilar  cases  prove  that  it  is  possible  to  obtain 
convincing  evidence  of  the  constitution  of  bodies  between  who.se  sepn- 
ratc  parts  we  can  not  directly  distinguish,  and  I  take  it  that  a  physicL-^t 
who  believe.s  in  the  reality  of  atoms  thinks  that  he  has  as  good  reason 
for  dividing  an  apparently  continuous  gas  into  molecules  as  he  haa  for 
dividing  the  apparently  wntiniiotis  Saturnian  rings  into  satellites.  If 
be  is  wrong  it  is  not  the  fact  that  molecules  and  satellites  alike  can  not 
be  bandied  and  can  not  be  seen  as  individuals  that  constitutes  the  dif- 
ference between  the  two  casei*. 

It  may,  however,  be  urged  that  atoms  and  the  etber  are  alleged  to 
have  properties  different  from  those  of  matter  in  bulk,  of  which  alone 
our  senses  take  direct  cognizance,  and  that  therefore  it  is  impossible  to 
prove  their  existence  by  evidence  of  the  same  cogency  as  that  which 
may  prove  the  existence  of  a  newly  discovered  variety  of  matter  or  of 
a  portion  of  matter  too  small  or  too  distant  to  be  seen. 

This  point  is  so  important  that  it  requires  full  discussion,  but  in  deal- 
ing with  it,  it  is  necessary  to  distinguish  carefully  between  the  validity 
of  the  arguments  which  support  the  earlier  and  more  fundamental 
propositions  of  the  theory  and  the  evidence  brought  forward  to  jus- 
tify mere  speculative  applications  of  its  doctrines  which  might  be 
abandoned  without  discarding  the  theory  itself.  The  proof  of  the 
theory  must  be  carried  out  step  by  sU^p. 

The  first  step  is  concerned  wholly  with  some  of  the  most  general 
properties  of  matter,  and  consists  in  the  proof  that  those  properties 
are  either  absolutely  unintelligible,  or  that,  in  the  case  of  matter  of  all 
kinds,  we  are  subject  to  an  illusion  similar  to  that,  the  results  of  which 
we  admit  in  the  case  of  Saturn's  rings,  clouds,  smoke,  and  a  number 
of  similar  instances.  The  believer  in  the  atomic  theory  asserts  that 
matter  exists  in  a  particular  state;  that  it  consists  of  parts  which  are 
separate  and  distinct  the  one  from  the  other,  and  as  such  are  capable 
of  independent  movements. 

Up  to  this  point  no  question  arises  as  to  whether  the  separate  parts 
are,  like  grains  of  sand,  mere  fragments  of  matter,  or  whether,  though 
they  are  the  bricks  of  which  matter  is  built,  they  have,  as  individuals, 
pi-operties  different  from  those  of  masses  of  matter  large  enough  to  be 
directly  penreived.  If  they  are  mere  fragments  of  ordinary  matter, 
they  can  not  be  used  as  aids  in  explaining  those  qualities  of  matter 
which  they  themselves  share. 

We  can  not  explain  things  by  things  themselves.  If  it  be  true  that 
the  properties  of  matter  are  the  product  of  an  underlying  machinery, 
that  machinery  can  not  itself  have  the  properties  which  it  produces, 
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■  and  mu»t,  to  thnt  extent,  at  all  events,  differ  fron)  nmttwr  in  bulk  aw  it 
is  directly  preiscntrd  Ui  ttie  senses. 

If,  however,  we  can  sueceed  in  .showing  that  if  the  separate  jmrts 
have  a  limited  number  of  proiwrties  (different,  it  may  be,  from  those 
of  matter  in  bulli).  the  many  and  coniplinit^^d  pi-oiwrties  of  matter  can, 
to  a  considerable  extent,  he  explained  a.s  tioiiseqiiences  of  the  constitu- 
tion of  these  se.jjariitc  part":  we  .ihall  have  succeeded  in  estahliwhing, 
with  regard  to  quantitative  proiM'rtles,  a  simpliiic'ation  similar  to  that 
which  the  chemi.st  has  estjiblishtnl  with  rcgiti-d  to  varieties  of  mutter. 
The  many  will  have  been  rednced  to  the  few. 

The  pi-oofs  of  the  physical  reality  of  the  entities  discovered  by  means 
of  the  two  analyses  must  neees.sarily  be  different.  The  chemi.st  can 
actually  produce  the  elementary  constituents  into  which  he  has  resolved 
ft  compound  mans.  No  physi<-iMt  or  chemist  can  produce  a  single  atom 
sepai^atod  from  all  its  fellows  and  show  that  it  pos.se.sses  the  elemen- 
tary (juiilities  he  assigns  to  it.  The  cogency  of  the  evidence  for  any 
sugg<^stit;l  constitution  of  iitoms  must  vary  with  the  numlier  of  facts 
which  the  hypothesis  thitt  they  possess  that  constitution  explains. 

l>'t  us  t«ke,  then,  two  .steps  in  their  proper  order,  and  inquire.  Iir.st, 
whether  there  is  valid  ground  for  believing  that  all  matter  is  made 
up  of  di.scwtte  jRirts;  and,  secondly,  whether  we  can  have  iiny  knowl- 
edgi^  of  the  constitution  or  jmiperties  which  tliosts  parts  jjosscss. 

THE   COAItSK-(iKAl\Bl)NKH.S   OF   MATTKU. 

Matter  in  bulk  appeal's  to  Ik^  continuous.  Suchsubstimccs  as  water 
orairapi>ear  to  the  ordinary  observer  to  be  pcrfci-tly  uniform  in  all 
their  propi-rtics  and  ipialitics.  in  all  their  ))arts. 

The  hasty  conclusion  that  these  Imdios  are  really  uniform  is,  never- 
theless, unthinkable. 

In  the  tii'st  place  the  phcnomenii  of  diffusion  afford  coiicliLsive  proof 
that  matter  when  a]>i):irently  <{uio.s<-cnt  is  in  fact  in  a  .st^itc  of  int^u'nal 
commotion.  I  iiei'd  not  recapitulate  the  familiar  evidence  to  prove 
that  ga.ses  and  many  lt(|uids  when  ]>litccd  in  communication  int^'rpcnc- 
triite  or  diffuse  into  each  other;  or  that  air.  in  contuct  with  a  surface 
of  water,  gradually  becomes  laden  with  water  vapor,  while  the  atmos- 
pheric gases  in  turn  mingle  with  the  water.  Much  phenomena  are  not 
exhibitc<l  by  liquids  and  gases  alone,  nor  by  solids  at  high  tempera- 
tures only.  Sir  \V.  I{i>licrts-,Vusten  has  placed  pieces  of  gold  and 
lead  in  contact  at  a  temperature  of  IS  0.  After  f<iur  years  the  gold 
had  traveled  into  the  lend  to  nu<1i  an  extent  that  not  only  were  the  two 
metals  united,  but,  on  analysis,  appreciable  quantities  of  the  gold  were 
detected  even  at  a  distance  of  more  ihan  .">  millimeters  from  the  com- 
mon surface,  while  within  a  distance  of  Hiree-(|uarters  of  a  millimeter 
from  the  surface  "old  had  penetrated  itito  the  leiwl  to  the  e;ttent  of 
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unlike  a  uiHtcml  inediuni,  in  thut  it  is  nonvi^cous;  and  that  the 
particles,  if  they  exi»st,  are  so  con-stitued  that  energy  in  not  frittei'ed 
away  when  they  collide.  In  either  case  we  are  dealing  with  aome- 
thinjf  different  fi-om  matter  itself  in  the  aense  that,  though  it  is  the 
basis  of  matter,  it  Is  not  identical  in  all  its  properties  with  matter. 

The  idea  therefore  that  entities  exist  possessing  properties  different 
from  those  of  matter  in  bulk  in  not  introduced  at  the  end  of  a  long 
and  recondite  investigation  to  explain  facts  with  which  none  but 
expei-ts  are  acquainted.  It  is  forced  upon  us  at  the  very  threshold' of 
our  study  of  nature.  Either  the  properties  of  matter  in  bulk  can  not 
be  referred  to  any  simpler  structure,  or  that  simpler  structure  nmst 
have  propei-tios  different  from  those  of  matter  in  bulk  as  we  directly 
knew  it — properties  which  can  only  be  inferred  from  the  results  which 
they  produce. 

No  fl  priori  argument  aguinst  the  possibility  of  our  diat^ivering  the 
existence  of  qua.si-materiul  substances,  which  are  nevertheless  different 
from  matter,  can  prove  the  negative  proposition  that  such  substances 
can  not  exist.  It  is  not  a  self-evident  truth  that  no  substance  other 
than  ordinary  matter  can  have  an  existence  as  real  as  that  of  matter 
itself.  It  is  not  axiomatic  that  matter  can  not  be  composed  of  parts 
whose  properties  are  different  from  those  of  the  whole.  To  assert 
that  even  if  such  substances  and  such  parts  exist  no  evidence,  however 
cogent,  could  convince  us  of  their  existence  is  to  beg  the  whole  ques- 
tion at  issue;  to  decide  the  cause  befoi-e  it  has  been  heard. 

We  muat  therefore  adhere  to  the  standpoint  adopted  by  most  scien- 
tific men,  viz,  that  the  question  of  the  existence  of  ultraphysical  enti- 
ties, such  as  atoms  and  the  ether,  is  to  be  settled  by  the  evidence,  and 
must  not  be  ruled  out  as  inadmissible  on  &  priori  grounds. 

On  the  other  hand,  it  is  impossible  to  deny  that,  if  the  mere  entry 
on  the  search  for  the  concealed  causes  of  physical  phenomena  is  not  a 
tresim-ss  on  ground  we  have  no  right  to  explore,  it  is  at  all  events  the 
beginning  of  a  dangei-ous  journey. 

The  wraiths  of  phlogiston,  caloric,  luminifei-ous  coiT>uscles  and  a 
crowd  of  other  phantoms  haunt  the  investigator,  and  as  the  grim  host 
vanishes  into  nothingness  he  can  not  but  wonder  if  his  own  concep- 
tions of  atoms  and  of  the  ether 

shall  difwolve, 

And,  like  this  InmilHtaiitiHl  pa)C('Bnt  faded, 

l.cave  not  a  wrack  liehiiid. 

But  though  science,  tike  Bunyan's  hero,  has  sometimes  had  to  pass 
through  the  "Valley  of  Humiliation,"  the  specters  which  meet  it  there 
are  not  really  dangerous  if  they  are  boldly  faced.  The  facts  that  mis- 
takes have  been  made,  that  tlieori»!s  have  iK-en  propounded,  and  for  a 
time  accepted,  whic'  -stigations   have   disproved,  do  not 
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»rily  discredit  the  method  adopted.  In  scientific  theories,  as  in 
the  world  ttround  us,  there  is  a  .survival  of  the  fittest,  and  Dr.  .Tames 
Wai-d's  unsym|)athetic  account  of  the  lilunders  of  those  wh<wR  work 
after  all  has  shed  glory  on  the  ninct^-enth  rentuiy,  niifjht  mutatis 
mutandis  stand  for  a  description  of  the  history  of  the  advance  of  civil- 
ization,  "The  story  of  the  pi-ogrcss  so  far,"  he  tells  us,  "is  briefly 
this:  Divergence  between  theory  and  fact  one  part  of  the  way,  the 
wreckage  of  abandoned  fictions  for  the  rest,  with  an  unattainable  goal 
of  phenomenal  nihilism  and  ultraphysical  mechanism  beyond."" 

"The  path  of  progress,"  says  Prof.  Karl  Pearson,  "is  strewn  with 
the  wreck  of  nations.  Traces  are  everywhere  to  Ije  seen  of  the  heca- 
tombs of  inferior  races  and  of  victims  who  found  not  the  narrow 
way  to  the  greater  i)erfe(^tion.  Yet  tht^se  dead  peoples  are  in  very 
truth  the  stepping-stones  on  which  mankind  ha-s  arisen  to  the  higher 
intellectual  and  deeper  emotional  life  of  to-day."" 

It  is  only  necessary  to  add  that  the  progivss  of  society  is  directed 
toward  an  unattainable  goal  of  universal  contentment  to  make  the 
parallel  complete. 

And  .so,  in  the  one  ciLse  as  in  the  other,  we  niwy  leave  "the  dead 
to  bury  the  dea<l."  The  (juestion  before  us  is  not  whether  we  too  may 
not  be  trusting  to  false  ideas,  erroneous  experiments,  evanescent 
theories.  No  doubt  we  are;  but,  without  making  an  insolent  claim  to 
be  Imtter  than  our  fathers,  we  may  fairly  contend  that,  amid  much 
that  is  uncertain  and  t4?mporai-y,  some  of  the  fundamental  conceptions, 
the  root  idea.s  of  science,  are  so  grounded  on  reason  and  fat;t  that  we 
can  not  but  regard  them  as  an  aspect  of  tlie  \'ery  truth. 

Knnugh  ha.s,  pi^rbaps,  now  been  said  on  this  point  for  my  immediate 
purpose.  The  argument  as  to  the  constitution  of  matter  could  Im 
developed  further  in  the  manner  I  have  hitheilo  adopted,  viz,  by 
Heries  of  propositions,  the  proof  of  each  of  which  is  based  upon  a  few 
crucial  phenomena.  In  particular,  if  matter  is  divided  into  moving 
granules  or  particles,  the  phenomenon  of  cohesion  proves  that  there 
ntuKt  l)e  nmtual  actions  lietwecn  them  analogous  to  those  whicli  take 
place  tjetween  large  masses  of  matter,  and  which  we  ascribe  to  force, 
thereby  indicating  the  regular,  unvarying  operation  of  active  ma- 
chinery which  we  have  not  yet  the  means  of  adequately  understanding. 
For  the  moment,  I  do  not  wish  to  extend  the  line  of  reasoning  that 
has  been  followe<l.  My  main  object  is  to  show  tliat  the  notion  of  the 
exi.stcnce  of  ultraphysical  entities  and  tlie  leading  outlines  of  the 
atomic  theory  are  forced  upon  us  at  the  beginning  of  our  study  of 
nature,  not  only  by  k  priori  considerations,  but  in  the  attempt  to  com- 
prehend the  results  of  even  the  simplest  observation.  These  outlines 
can  not  be  effaced  by  the  difficulties  which  undoubtedly  arise  in  tilling 
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up  tlip  pioture.  The  cogency  of  the  proof  that  matter  is  w>arsf 
jjrainc<l  is  in  no  vray  affex-ted  by  the  fact  that  we  have  grave  doubts  as 
to  the  iiutmv  of  granulen.  Nay,  it  is  of  the  tirst  importance  to  reeog- 
nize  that,  though  the  fundamental  nsisuniptioiiN  of  the  atomic  theory 
receive  overwhelming  support  from  a  numlier  of  inoi-e  detailed  ai^u- 
ments,  they  ai'e  themselves  almost  of  the  nature  of  axioms,  in  that  the 
ftimpleijt  phenomena  are  unintelligible  if  they  are  almndoned. 

THE   RANGE   OP  THE   ATOMIC  THEORY. 

it  would  he  most  unfair,  however,  to  the  atomic  theory  to  represent 
it  an  depending  on  one  line  of  reasoning  only,  or  to  treat  its  evidence 
as  Iwunded  by  the  very  genei-al  propositions  I  have  discussed. 

It  is  true  that  lis  the  i-ange  of  the  theory  is  extended  the  fundamental 
conception  that  matter  is  granular  umst  \n,  expanded  and  tilled  in  by 
supplementary  hypotheses  as  to  the  constitution  of  gi-anules.  It  may 
also  be  a<lmittod  that  no  complete  or  wholly  satisfactory  description  of 
tliat  constitution  can  as  yet  he  given;  that  perfection  has  not  j"et  I»een 
attained  here  or  in  any  other  branch  of  science;  but  the  number  of 
factn  which  can  \w  accounted  for  by  the  theory  is  very  large  compared 
with  the  number  of  additional  hypothest^s  which  are  introduced;  and 
the  cumulative  weight  of  the  additional  eviden<-c  obtained  by  the  study 
of  details  is  such  as  to  add  greatly  to  the  strength  of  the  conviction 
that,  in  its  leading  outlines,  the  theory  is  true. 

It  was  originally  suggested  by  the  facts  of  chemistry,  and  though,  as 
we  have  seen,  a  school  of  chemists  now  thrust.s  it  into  the  liackground, 
it  is  none  the  less  tnie,  in  the  words  of  Dr.  Thor|M>.  that  "every  great 
advance  in  chemical  knowledge  during  the  last  ninety  years  finds  its 
interpretation  in  [Oalton's]  theory."' 

The  principal  mechanical  and  thermal  properties  of  gases  have  been 
explained  and  in  a  large  part  discovered  by  the  aid  of  the  atomic 
theory,  and  though  there  are  outstanding  difficulties,  they  are,  for  the 
most  part,  related  to  the  nature  of  the  atoms  and  molecules,  and  do  not 
affect  the  question  a-s  to  whether  they  exist. 

The  fact  that  different  kinds  of  light  all  tiBvel  at  the  same  speed  in 
interplanetary  sijace.  while  they  move  at  different  rates  in  matter,  is 
explained  if  matter  is  coarse  grained.  But  to  attempt  to  sum  up  all 
this  evidence  would  be  to  recite  a  text-book  on  physios.  It  must  suf- 
fice to  ,say  that  it  is  enormous  in  extent  and  varied  in  character,  and 
that  the  atomic  theory  imparts  a  unity  to  all  the  physical  sciences 
which  ha.s  l>cen  attained  in  no  other  way. 

I  must,  however,  give  a  couple  of  instances  of  the  wonderful  succees 
which  ha.s  been  achieved  in  the  explanation  of  physical  phenomena  by 
the  theory  we  are  considering,  and  I  select  them  because  they  are  in 
harmony  with  the  line  of  argument  I  have  been  pursuing. 

•Thorpe,  Essays  oq  Uietorical  Chemistry,  1894,  p.  3^8?'^ ^'v'^ 
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When  a  piece  of  iron  is  ma^rnetizetl  its  behavioi'  is  different  afcoi-d- 
ing  a«  the  magnetic  foi-ec  applird  to  it  is  weak,  moderate,  or  strong. 
When  a  certain  limit  \n  pa-s-sed  the  iron  l^have.**  as  a  nonmagnetic  sub- 
stance to  iiH  further  addition  of  magnetic  force.  Witli  strong  forces 
it  does  and  with  very  weak  forces  it  does  not  remain  magnetized  when  . 
the  force  ceases  to  act,  Profes.ior  Ewing  has  imitated  all  the  minute 
details  of  these  complicated  properties  by  an  arrangement  of  small 
isolated  compass  needles  to  represent  the  molecules.  It  may  fairly  be 
said  that  as  far  as  this  particular  set  of  phenomena  is  conceiiied,  a 
most  instructive  working  model  ba-iied  on  the  molecular  theory  has  not 
only  been  imagined  but  constructed. 

The  next  illustration  is  no  less  striking.  We  may  liken  a  crowd  of 
molecules  to  a  fog;  but  while  the  fog  is  admitted  by  everbody  to  be 
made  up  of  sepamte  globules  of  water,  the  critics  of  scientific  method 
are  sometimes  apt  to  regard  the  molecules  as  mere  fictions  of  the 
imagination.  If,  however,  we  could  throw  the  molecules  of  a  highly 
rarefied  gas  into  such  a  state  that  vapor  condensed  on  them,  so  that 
each  became  the  center  of  a  water  drop,  till  the  host  of  invisible  mole- 
cules was,  as  it  were,  minified  by  accretion  into  a  visible  mist,  surely 
no  stronger  proof  of  their  reality  could  l»e  desired.  Yet  there  is 
every  reason  to  believe  that  something  very  like  this  has  been  accom- 
plished by  Mr.  0.  T.  K.  Wilson  and  Prof.  J.  J.  Thomson. 

It  is  known  that  it  is  compai-atively  difficult  to  produce  a  fog  in 
damp  air  if  the  mixture  con.sists  of  air  and  water  vapor  alone.  The 
presence  of  particles  of  very  fine  dust  facilitates  the  pr-ocess.  It  is 
evident  that  the  vapor  condenses  on  the  dust  particles,  and  that  a 
nucleus  of  some  kind  is  necessary  on  which  each  drop  may  form.  But 
electrified  particles  also  act  as  nuclei,  for  if  a  highly  charged  body 
from  which  electricity  is  escaping  be  placed  neai'  a  steam  jet,  the  steam 
condenses,  and  a  cloud  is  also  formed  in  duat-free  air  more  easily  than 
would  otherwise  Iw  the  case  if  electricity  is  discharged  into  it. 

Again,  according  to  accepted  theory,  when  a  current  of  electricity 
flows  through  a  gas  .some  of  the  atoms  are  divided  into  parts  which 
carry  positive  and  negative  charges  as  they  move  in  opposite  direc- 
tions, and  unless  this  breaking  up  o<'curs  a  ga.s  doe.s  not  conduct  elec- 
tricity. But  a  gas  can  lie  made  a  conductor  merely  by  allowing  the 
ROntgen  rays  or  the  radiation  given  off  by  uranium  to  fall  upon  it.  A 
careful  study  of  the  facts  shows  that  it  is  prottable  that  some  of  the 
atoms  have  been  broken  up  by  the  radiation,  and  that  their  oppositely 
electrified  parts  are  scattered  among  their  unaltered  fellows.  Su<-h  a 
gas  is  said  to  be  ionized. 

Thus  by  these  two  distinct  lines  of  argument  we  come  to  the  conclu- 
sions: First,  that  the  presence  of  electrified  particles  promotes  the 
formation  of  mist,  and,  second,  that  in  an  ionized  ga.s  such  electrified 
particles  are  provided  by  the  breaking  up  of  atoms.  ^ 
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The  two  conclusions  will  iiiiitu«lly  support  each  other  if  it  caii  be 
shown  that  n  niiist  is  easily  formed  in  ionized  air.  This  was  tested 
by  Mr.  Wilson,  who  ^'howed  that  in  such  air  mist  is  formed  as  though 
nuclei  were  present,  and  thus  in  the  elinid  wc  have  visible  evidence  of 
the  presence  of  the  divided  atoms.  If,  then,  we  can  not  handle  the 
individual  molecules  we  have  lit  lejist  some  reason  to  believe  that  a 
method  is  known  of  seizing  individuals,  or  parts  of  individuals,  which 
are  in  a  special  state,  and  of  wrapping  other  matter  round  them  till 
each  one  is  the  center  of  a  discrete  particle  of  a  visible  fog. 

I  have  purposely  chosen  this  illustration,  liecause  the  explanation  is 
based  on  a  theory — that  of  ionization —which  is  at  present  flubject^d 
to  haitile  criticism.  It  assumes  that  an  electrical  current  is  nothing 
more  than  the  movement  of  charges  of  electricity.  But  magnets  placed 
near  to  an  electric  current  tend  to  set  themselves  at  right  angles  to  its 
direction;  a  fact  on  which  the  construiition  of  telegraphic  instruments 
is  based.  Hence,  if  the  theory  l>e  true,  a  similar  effect  ought  to  l>e 
pi-oduced  by  a  moving  charge  of  electricity.  This  experiment  was 
tried  many  years  ago  in  the  laboratory  of  Ilelmholt:;  by  Rowland,  who 
caustHi  a  chat^d  disk  to  spin  rapidly  near  a  magnet.  The  result  was 
in  accord  with  the  theory;  the  magnet  moved  as  though  a<'ted  upon  by 
an  electric  cuirent.  Of  late,  however,  M.  Cremieu  has  investigated 
the  matter  afresh,  and  has  obtained  results  which,  according  to  his 
interpretation,  were  inconsistent  with  that  of  Rowland. 

M.  Cr^mieu's  I'esults  are  already  the  subject  of  controvei-sy/  and 
are,  I  Iwlieve,  likely  to  be  dis<'ussr(|  in  the  section  of  physics.  This  is 
not  the  occasion  to  enter  upon  a  critical  diwussion  of  the  question  at 
issue,  and  I  refer  to  it  only  to  point  out  that  though,  if  M.  Cr^mieu's 
results  were  upheld,  our  views  as  ti>  electricity  would  Lave  to  be  mod- 
itied,  the  foundations  of  the  atomic  theory  would  not  be  shaken. 

It  is,  however,  from  the  theory  of  ions  that  the  most  far-reaehing 
speculations  of  science  have  recently  received  iinexpected  support. 
The  dream  that  matter  of  all  kinds  will  some  day  be  proved  to  be  fun- 
damentally the  same  has  survived  many  shocks.  The  opinion  is  con- 
sistent with  the  great  generalization  that  the  properties  of  elements 
are  a  periodic  function  of  their  atomic  weights.  Sir  Norman  Lockyer 
has  long  been  a  prominent  exponent  of  the  view  that  the  spectmof 
the  slars  indicate  the  reduction  of  our  so-called  elements  to  simpler 
forms,  and  now  Prof.  .7.  .1.  Thomson  believes  that  we  can  break  off 
from  an  atom  a  ]mrt,  the  ma.ss  of  which  is  not  more  than  one-thou- 
sandth of  the  whole,  and  that  these  corpuscles,  as  he  has  named  them, 
are  the  carriers  of  the  negative  charge  in  an  electric  current.  If  atoms 
are  thus  complex,  not  only  is  the  a  priori  probability  inci'eased  that 
the  different  structures  which  we  call  elements  may  all  be  built  of 

■SwPhil.  Mag.,  July,  llWl,  p.  144;  and  Johns  Hopkins  Univereitv  Circutore,  XX, 
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similar  brioks,  Imt  the  dis<-overv  l)y  Ijenard  that  thn  ease  with  which 
tUii  corpuscles  pciii'tmti'  diffoivnt  IhkUcs  dcjHMids  only  on  the  density 
of  the  ohstudes,  and  not  on  th«^ir  chemical  constitution,  in  held  hy 
I'rofossoi'  Thomson  to  lie  "ii  strong  conlinnatioii  of  the  view  that  the 
atoin.s  of  the  elementary  wulistances  are  ma<le  up  of  simpler  part-i,  all 
of  which  arc  alike.""  On  the  present  t^rasion,  however,  we  are  wcu- 
pied  Hither  with  the  fimiidatious  than  with  these  ultimate  ramifications 
of  the  atomic  theory;  and  havintf  shown  how  wide  its  mngc  is,  1  must, 
to  a  certain  extent,  retrace  my  steps  and  return  to  the  main  line  of 
my  argument. 

TIIK    I'KOI'F.RTIKS   OF   ATOMS   ANIt    MOLKCUI.ES, 

For  if  it  he  frninted  that  the  evidence  that  matter  is  coai-se  gmiiied 
and  is  formed  of  separate  atoms  and  molecules  is  too  strong  to  be 
re.sisted,  it  may  still  be  contended  that  we  can  know  little  or  nothing 
of  the  sizes  and  properties  of  the  molecules. 

It  must  Ik"  admittetl  that  though  the  fundamental  postulates*  are 
always  the  same,  different  nM)K'cts  of  the  theory,  which  have  not  in  all 
aises  >)een  successfully  comhined,  have  to  !«(  developed  when  it  is 
applied  to  ditfereiit  ploI)lenis;  but  in  spiUs  of  this  there  is  little  doubt 
hut  that  we  have  some  fairly  accunite  knowledge  of  molocuhtr  motions 
and  magnitudes. 

[f  a  li<]uid  is  stretched  into  a  very  thin  film,  such  as  a  soap  hulible, 
we  should  exi>ect  indications  of  a  change  in  its  pi-opei-ties  when  the 
thicknetis  of  the  lilm  is  not  a  very  large  multiple  of  the  average 
distance  between  two  neighboring  molecules.  In  IfS'.hl,  Sohncke"" 
detected  evidence  of  such  a  change  in  films  of  average  thickness 
of  106  millionths  of  a  millimeter  (ftM),  and  (piit«  recently  Rudolph 
Wel>er  found  it  in  an  oil  film  when  the  thickness  wa.s  llhfifi.' 

Taking  the  mean  of  these  numl«rs  and  combining  the  results  of 
different  variants  of  the  theory,  we  may  cctnclude  that  a  film  should 
liccome  unstable  and  tend  to  rupture  six»ntaneously  somewhere  be- 
tween the  thicknesses  of  110  and  55  /^/J,  and  Professor  Keinold  and  I 
found  by  experiment  that  this  instability  is  actually  exhibited  Iwtween 
the  thickness  of  !t(i  and  45  /if*.''  Thci-c  can  therefoi-e  be  little  doubt 
that  the  first  approach  to  molecular  magnitude  is  signaled  when  tlio 
thickness  of  a  film  is  somewhat  less  than  1(10  /Jft,  or  four  millionths  of 
an  inch. 

Thirteen  years  ago  I  had  the  honor  of  hiving  Iwforc  the  Chemical 

'For  thL>  moat  recent  accQucit  of  thin  subject,  «.■<;  an  article  on  "  Bod  iensi  nailer  than 
alome,"  by  Prat.  J.  J.  Thomson,  in  tlie  I'oimlarSciciii:.,' Monthly  (The  Scieiic-e  I'resa), 
August,  1901.     [Rt'itrinted  in  the  pn'sent  Siiiilhsmiaii  Report.] 
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Society  a  r^'surm'.  of  what  wan  then  known  on  theso  siibjwts'  and  I 
must  Tftfcr  tu  that  Iccturo  or  to  tho  most  rwciit  edition  of  O.  E. 
Meypr's  work  on  the  kinetic  theory  of  gases''  for  the  ovideiice  that 
various  independent  linoN  of  argument  eniilde  us  to  estimate  quantities 
very  mtifh  less  than  four  milliontlis  of  iin  inch,  whieh  is  perhaps  from 
500  to  1,0(»0  times  jrreiit*(r  than  the  magnitude  which,  in  the  present 
state  of  our  knowledge,  we  can  twst  descril>e  as  the  diameter  of  a 
molecule. 

Confining  our  attention,  however,  to  the  larger  quantities,  I  will 
give  one  example  to  uhow  how  strong  U  the  cumulative  force  of 
the  evidence  ils  to  our  knowledge  of  the  magnitudes  of  molecular 
quantities. 

We  have  every  reason  to  believe  that  (hough  the  molecules  in  a  gas 
frequently  collide  with  em^h  other,  yet  in  the  case  of  the  more  perfect 
ga-ses  the  time  o<'cupied  in  collisions  is  small  compared  with  that  in 
which  each  molecule  travels  undistur)>ed  by  its  fellows.  The  avert^ 
distance  traveled  fM;tween  two  successive  encounters  is  called  the  nie«n 
free  path,  and,  for  the  reason  jiist  given,  the  (|uestioii  of  the  magni- 
tude of  this  di.stiince  can  be  att^u^ked  without  any  pnMrisc  knowledge  of 
what  a  mole<rule  is,  or  of  what  hiippens  during  an  encounter. 

Thus  the  mean  free  path  can  Iw  determined,  by  the  aid  of  the  theory, 
either  from  the  vi.s<'osity  of  the  gas  or  from  the  thermal  conductivity. 
I'sing  tiguivs  given  in  the  latest  work  on  the  subject,"  and  dealing 
with  one  gaw  only,  as  a  fair  sample  of  the  rest,  the  lengths  of  the  mean 
free  path  of  hydn>gen,  as  deteniiincd  by  these  two  independent 
methods,  differ  only  by  atiout  H  per  cent.  Further,  the  mean  of  the 
values  which  I  gave  in  the  lecture  already  referred  to  differed  only  by 
about  fi  per  cent  from  the  be.st  modern  result,  so  that  no  great  change 
has  lieen  introduced  during  the  last  thirteen  years. 

It  may,  however,  !«  argued  that  these  coiM«>rdant  values  are  all 
obtained  by  means  of  the  same  theory,  and  that  a  common  error  may 
affect  them  all.  In  paittcular,  some  critics  have  of  late  been  inclined 
to  discredit  the  atomic  theory  by  pointing  out  that  the  strong  state- 
ments which  have  sometimes  been  made  as  to  the  equality,  among 
themselves,  of  atoms  or  molecules  of  the  same  kind  may  not  be,  jasti- 
fied,  as  the  eciuality  may  l»c  that  of  avemges  only,  and  be  consistent 
with  a  considei-able  variation  in  the  .sizes  of  individuals. 

Allowing  this  argument  more  weight  than  it  perhaps  deserves,  it  is 
easy  to  show  that  it  can  not  affect  seriously  our  knowledge  of  the 
length  of  the  mean  free  [>ath. 

Prof,  (ieorgc  Darwin"  has  handled  the  problem  of  a  mixture  of 

•Ch.w.  S.IC.  Tranp.,  bill,  March,  ISW,  pi>-  222-2(12. 
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unequal  spherieal  bodies  in  the  patticiilar  rase  in  which  the  sizom  lire 
distribute*!  ftccordiiif;  lo  the  law  of  errors,  which  would  involve  far 
}rreat«r  inoqiialitiep;  than  <-an  occur  auion^Htonis.  Without  tlis-cusaing 
the  precise  dehiilsof  liis  proldem,  it  is  nufficient  to  nay  that  in  the  ca«e 
t»nsidered  by  him  tlio  litn^th  of  the  main  free  path  in  s*(ven -elevenths 
of  what  it  would  \m  if  the  imrtielw  were  e(]ual.  Hence,  were  the  ine- 
qualities of  atonH  as  great  an  in  thirt  extreme  case,  the  reduction  of 
the  mean  free  path  in  hydi-ogen  could  onlj-  l)e  fioiu  185  to  119  fifj; 
but  they  must  l>e  far  less,  and  therefore  the  error,  if  any,  due  to  this 
cause  could  not  approach  thi.i  amount.     It  is  probably  inappreciable. 

Such  examples  might  l)e  multiplied,  but  the  one  I  have  selected  is 
perhaps  sufficient  to  ilUi.strate  my  point,  viz,  that  considerable  and 
fairly  m^curatt*  knowledge  can  )ie  olitained  as  to  molecular  (juantitics 
by  the  aid  of  theories,  the  details  of  which  arc  provisional  an<l  are 
admittedly  capable  of  improvement. 

IS  THK    MODKI.    UNIQUK? 

But  the  argument  that  a  correct  n'sult  may  sometimes  be  obtained 
by  i-ea-soning  on  imperfect  hypotheses  raises  the  question  as  to  whether 
another  danger  may  not  he  imminent.  To  be  satisfactory  our  model 
of  nature  must  l>e  unique,  and  it  must  be  impossible  to  imagine  any 
other  which  agrees  equally  well  with  the  facts  of  experiment.  If 
a  large  number  of  hypotheses  could  Imj  framed  with  equal  claims  to 
validity,  that  fact  would  alone  rai.-^-  grave  doubts  as  to  whether  it  wei-e 
possible  to  distinguish  l»etween  the  tmo  and  the  false.  Thus,  Professor 
Poincar^  has  shown  that  an  inlinite  numlter  of  dynamical  explanations 
can  be  found  for  any  phenomenon  which  satisfies  certain  conditions. 
But  though  this  considemtion  warns  us  against  the  too  ready  accept- 
ance of  explanations  of  isolated  phenomena,  it  has  no  weight  f^inst 
a  theory  which  eni)>races  so  vast  a  number  of  facts  as  those  included 
by  the  atomic  theory.  It  does  not  follow  that  because  a  numlrer  of 
solutions  are  all  fonnally  dynamical  they  are  therefore  all  equally 
admissible.  The  pivssure  of  a  gas  may  be  explained  as  the  result  of 
a  shower  of  blows  delivered  by  molecules,  or  by  a  repulsion  between 
the  various  parts  of  a  continuous  medium.  Itotli  solutions  are  expressed 
in  dynamical  language,  hut  one  is  and  the  other  is  not  com]>atible  with 
the  obsei'ved  phenomena  of  cxjmnsion.  The  atomic  theory  must  hold 
the  field  until  another  <-an  l>e  found  which  is  not  inferior  as  an  expla- 
nation of  the  fundamental  difficulties  as  to  the  constitution  of  matter 
and  is,  at  the  same  time,  not  less  comprehensive. 

On  the  whole,  then,  the  question  as  to  whether  we  ai-e  attempting 
to  solve  a  problem  which  has  an  infinite  number  of  solutions  may  be 
put  aside  until  one  solution  has  l>een  found  which  is  satisfactory  in  all 
its  details.  We  are  in  a  sufficient  difficulty  about  that  to  make  the 
rivalry  of  a  secoud  of  the  same  type  very  improbable.         (    (IOqIi' 
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But  it  may  be  asked — nay,  it  haw  l>een  asked— may  not  tlic  type  of 
our  theories  be  radically  chanfred?  If  this  ((iie-stion  docs  not  ineivly 
imply  a  certain  distrast  in  our  own  powers  of  reasoning,  it  should  In- 
supported  by  some  indication  of  the  kind  of  change  which  is  coiu-eivablc. 

Perhaps  the  chief  objection  which  can  bo  brought  again^^t  physical 
theories  U  that  they  deal  only  with  the  inanimate  side  of  nature,  and 
largely  ignoi-e  the  phenomena  of  life.  It  is  therefore  in  this  direction, 
if  in  any,  that  a  change  of  type  may  be  expected.  I  do  not  propose  to 
enter  at  length  upon  so  difficult  a  question,  but,  however  we  may 
explain  or  explain  away  the  characteristics  of  life,  the  arguuicnt  for 
the  truth  of  the  atomic  theory  would  only  l>e  affected  if  it  could  be 
shown  that  living  matter  docs  not  possess  the  thermal  and  mechanical 
properties,  to  explain  which  the  atomic  theory  has  been  fi'amed.  This 
iu  so  notoriously  not  the  ca.io  that  there  is  the  gravest  doubt  whether 
life  can  in  any  way  interfere  with  the  action  within  the  oi^nism 
of  the  laws  of  matter  in  bulk  belonging  to  the  domain  of  mei'hanics, 
physics,  and  chemistry. 

Pndmbly  the  most  (cautious  opinion  that  could  now  Iw  expressed  on 
this  question  is  that,  in  spite  of  some  outstanding  dlfBcultie ^  which  have 
rectMitly  given  rise  to  wliat  is  called  Neovitalism,  there  is  no  conclusive 
evidence  that  living  matter  van  suspend  or  modify  any  of  the  natui-al 
laws  which  would  affect  it  if  it  wei-e  to  cease  to  live.  It  U  possible 
that  though  subject  to  these  laws  the  organism  while  living  may  be  able 
to  employ,  or  even  to  direct,  their  actioif  within  itself  for  its  own 
l)enctit,  jiLst  as  it  unquestionably  diK's  make  use  of  the  pixwesses  of 
external  nature  for  its  own  purposes.  But  if  this  l»e  so,  the  seat  of 
the  controlling  influence  is  so  withdrawn  from  view  that  cm  the  one 
hand  its  very  existence  may  l»e  denied,  while  on  the  other  hand,  Pro- 
fessor Haeckel,  following  Vogt,  has  rw'ently  assei'ted  that  "Matter 
and  ether  are  not  dead,  and  only  moved  by  extrinsic  force;  but  they 
are  endowed  with  sensation  and  will;  they  ex]M'nence  an  inclination 
for  condensation,  a  dislike  for  strain;  they  strive  after  the  one  and 
struggle  against  the  other."'* 

But  neither  unpn)ved  assertions  of  this  kind  nor  the  moi-e  refined 
attempts  that  have  Wen  made  by  others  to  bring  the  phenomena  of 
life  and  of  dead  matter  under  a  common  formula  touch  the  evidence 
for  the  atomic  theory.  The  <iuestion  as  to  whether  matter  consists  of 
elements  capable  of  independent  motion  is  prior  to  and  independent  of 
the  furthcsr  questions  as  to  what  these  elements  are  and  whether  they 
are  alive  or  dead. 

The  physicist,  if  he  keeps  to  his  business,  asserts,  as  the  bases  of 
the  atomic  theory,  nothing  more  than  that  he  who  declines  to  admit 
that  matter  consists  of  separate  moving  jmrts  must  regard  many  of 

'Riddleof  the  Universe  (EnglUli  translation),  1900,  p.  380. 
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the  simplest  phenomena  as  iri'eooni'ilablc  and  unmb^lli^ible,  in  spito 
of  tlie  fact  that  means  of  reconi'iling  them  are  known  to  evciybodj', 
in  spite  of  the  fat't  that  the  rei-oneiling  theory  gives  a  general  correla- 
tion of  an  enormous  nmnber  of  phenomena  in  every  hi-anch  of  science, 
and  that  the  outstanding  difGculties  are  eonneeted  not  so  much  with 
the  fundamental  hypothese^^  that  matter  in  composed  of  distinguishable 
entities  which  are  capable  of  separate  motions  as  with  the  much  uiore 
difficult  problem  of  what  these  entities  are. 

On  these  grounds  the  physicist  may  believe  that,  though  he  can  not 
handle  or  see  theui,  the  atoms  and  molecules  are  as  real  as  the  ice 
crystals  in  a  cirrus  cloud  which  lie  can  not  reach;  as  real  as  the  unseen 
members  of  a  meteoric  swami  whose  death  glow  is  lost  in  the  sunshine, 
or  which  aweep  past  us,  unentangled,  in  the  night. 

If  the  confidence  that  his  methods  are  weapons  with  which  he  can 
fight  his  way  to  the  truth  were  taken  from  the  scientific^  explorer,  the 
paralysis  which  overcomes  those  who  believe  that  they  arc  engaged  in 
a  hopeless  task  would  fall  upon  him. 

Physiology  has  specially  flourished  since  physiologists  have  lielieved 
that  it  is  possible  to  mastei'  the  physics  and  chemistry  of  the  framework 
of  living  things,  and  since  they  have  abandoned  the  attitude  of  those 
who  placed  in  the  foreground  the  doctrine  of  the  vital  foixie.  To  sup- 
porters of  that  doctrine  the  principle  of  life  was  not  a  hidden  directing 
power  which  could  perhaps  whisper  an  oi"der  that  the  flood  gates  of 
reservoirs  of  energy  should  now  be  opened  and  now  closed,  and  could, 
at  the  most,  work  only  under  inmmtable  conditions  to  which  the  living 
and  the  dead  must  alike  submit.  On  the  contrary,  their  vital  force 
pervaded  the  organism  in  all  its  parts.  It  was  an  active  and  energetic 
opponent  of  the  laws  of  physics  and  chemistry.  It  maintained  its  own 
existenc'C  not  by  obeying  but  by  defying  them;  and  though  destined 
to  bo  finally  overcome  in  the  separate  campaigns  of  which  each  indi- 
vidual living  ci^eature  is  the  scene,  yet,  like  some  guerrilla  chieftain,  it 
was  defeated  here  only  to  reappear  there  with  unabated  confidence 
and  apparently  undiintni.'ihcd  force. 

This  attitude  of  mind  chocked  the  advance  of  knowledge.  Difficulty 
could  l)e  evaded  by  a  verbal  f<u-iuula  of  explanation  which  in  fact 
explained  nothing.  If  the  mechanical,  or  physii'al,  or  chemical  causes 
of  a  phenomenon  did  not  lie  oltviously  upon  the  surface,  the  investi- 
gator was  tempted  to  forego  the  toil  of  searching  for  them  lielow;  it 
was  easier  to  s>iy  that  the  vital  foi'ce  was  the  cause  of  the  discrepancy, 
and  that  it  was  hopeless  to  attempt  to  account  for  the  action  of  a 
piinciple  which  wbm  incomprehensible  in  its  natuns. 

For  the  physicist  the  danger  is  no  less  serious,  though  it  lies  in  a 
somcwhntdifferent  diiTction.  At  present  he  is  checked  in  his  theories 
by  the  necessity  of  making  them  agree  with  a  comparatively  small 
number  of  fundamental  hypothenes,  If  this  check  were  removed  his 
fancy  might  run  riot  in  the  wildest  s)>eculations,  which  would  he  held 
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to  lie  legitimate  if  only  they  led  to  foriiuilie  in  harmony  with  facts. 
But  the  very  habit  of  logarding  the  end  as  everythinp;,  and  the  tneuDa 
by  which  it  wa.s  attained  as  iinimpot-tant,  would  pifvent  the  discovery 
of  those  fragments  of  truth  which  »ran  only  be  iiutwvered  by  the  pain- 
ful pi-oces,s  of  trying  to  make  inconsistent  theories  agree,  and  using 
all  factw,  however  remote,  as  the  tests  of  our  central  generalization. 

''Science,"  said  Helmholtz,  "Science,  whose  very  object  it  is  to 
comprehend  Natui-e,  must  start  with  the  assumption  that  Nature  is 
comprehensible."  And  again,  "The  fii-st  principle  of  the  investigator 
of  Natui-e  is  to  assume  that  Nature  is  intelligible  to  us,  since  otherwise 
it  would  be  foolish  to  attempt  the  investigation  at  all."  These  axioms 
do  not  assume  that  all  the  secrets  of  the  univei-se  will  ultimately  be 
laid  bare,  but  that  a  st>arch  for  them  is  hopeless  if  we  undertake  the 
quest  with  the  convietion  that  it  will  be  in  vain.  As  applied  to  life 
they  do  not  deny  thut  in  living  matter  something  may  Iks  hidden  which 
neither  physics  nor  chemistry  can  explain;  but  they  assert  that  the 
action  of  physical  and  chemical  forces  in  living  bodies  can  never  be 
understood  if  at  every  difficulty  and  at  every  check  in  our  investiga- 
tions we  desist  from  further  attempts  in  the  Ixtlief  that  the  laws  of 
physics  and  chemistry  have  lieen  interfered  with  by  an  incomprehen- 
sible vital  foivc.  As  applied  to  physics  and  chemistry  they  do  not 
mean  that  all  the  phenomena  of  life  and  death  will  ultimately  be 
included  in  s<mie  simple  and  self-sutficing  mechanical  theory;  they  do 
menn  that  we  arc  not  to  sit  down  contented  with  paradoxes  such  as 
that  the  same  thing  can  fill  both  a  large  space  and  a  little  one;  that 
matter  can  act  where  it  is  not,  and  the  like,  if  by  some  reasonable 
hypothesis,  t-apable  of  being  tested  by  experiment,  we  (an  avoid  the 
acceptance  of  these  absurdities.  Something  will  have  l>een  gained  if 
the  more  obvious  difficulties  are  removed,  even  if  we  have  to  admit 
that  in  the  background  there  is  much  that  we  can  not  grasp. 

THE    LIMITS   OF    FIIYaiCAI.   TM^XHUES. 

And  this  brings  me  to  mj'  last  point.  It  is  a  mistake  to  treat  phys- 
ical theories  in  general,  and  the  atomic  theory  in  particular,  as  though 
they  were  tmrts  of  a  scheme  which  has  failinl  if  it  leaves  anything 
unexplained,  which  uuist  Iw  carried  on  indefinitely  on  exactly  the  same 
principles,  whether  the  ultimate  results  are  or  are  not  repugnant  to 
common  sense. 

Physiciil  theories  Iwgin  at  the  surface  with  phenomena  which  directly 
affect  our  senses.  When  they  are  used  in  the  attempt  to  penetrate 
deeper  into  the  secrets  of  nature,  it  is  more  than  prolwlile  that  they 
will  meet  with  insuperable  Uirriers;  Init  this  fact  docs  not  demonstrate 
that  the  fundamental  assumptions  arc  false.  an<l  the  question  as  to 
whether  any  particular  olisfjicle  will  Iki  forever  insuiHtrablc  can  rarely 
be  answered  with  certainty. 

Those  who  belittle  the  ideas  which  have  of  late  governed  the  advance 
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of  scientifiG  theory  too  often  iissumc  that  there  is  no  alternative 
between  the  opposing  assertions  that  atoms  and  the  ether  are  mere 
ligments  of  the  scientific  imagination,  or  that,  on  the  other  hand,  a 
mechaniml  theory  of  the  atoms  and  of  the  ether,  which  is  now  con- 
fessedly imperfect,  would,  if  it  could  l>e  perfected,  give  us  a  full  and 
adequate  representation  of  the  underlying  realities. 

For  my  own  part  i  believe  that  there  is  a  via  media. 

A  man  peering  into  a  darkened  room,  and  describing  what  he  thinks 
he  sees,  may  be  right  as  to  the  general  outline  of  the  objects  he  dis- 
cerns, wrong  as  to  theirnatureandtheirpretiisefonns.  Inhisdescrip- 
tion  fact  and  fancy  may  be  blended,  and  it  may  \ie  difficult  to  say 
where  the  one  ends  and  the  other  begins;  but  even  the  fancies  will  not 
be  worthless  if  they  are  based  on  a  fi-agment  of  truth,  which  will  pre- 
vent the  explorer  from  walking  into  a  looking-glass  or  stumbling  over 
the  furniture.  He  who  saw  "men  as  trees  walking"  had  at  least  a  per- 
ception of  the  fundamental  fact  that  something  was  in  motion  around 
him. 

And  so,  at  the  beginning  of  the  twentieth  century,  we  arc  neither 
forced  to  abandon  the  claim  to  have  penetrated  IksIow  the  surface  of 
nature,  nor  have  we,  with  all  our  searching,  torn  the  veil  of  mystery 
from  the  world  around  us. 

The  range  of  our  s[)ecu1ations  is  limited  both  in  space  and  time;  in 
space,  for  we  have  no  right  to  claim,  as  is  sometimes  done,  a  knowl- 
edge of  the  "infinite  univei-se;"  in  time,  for  the  cunmlative  effects  of 
actions  which  might  pass  undetected  in  the  short  span  of  years  of 
which  we  have  knowledge,  may,  if  continued  long  enough,  modify  our 
most  profound  generalizations.  If  some  such  theory  as  the  vortex- 
atom  theory  were  true,  the  faintest  trace  of  viscosity  in  the  primordial 
medium  would  ultimately  destroy  matter  of  every  kind.  It  is  thus  a 
duty  to  state  what  we  believe  we  know  in  the  most  cautious  terms,  but 
it  is  equally  a  duty  not  to  yield  to  mere  vague  doubts  as  to  whether 
we  can  know  anything. 

If  no  other  conception  of  matter  is  possible  than  that  it  consists  of 
distinct  physical  unib< — and  no  other  conception  han  been  formulated 
which  docs  not  lilur  what  are  otherwise  clear  and  definite  outlines — if 
it  is  certain,  as  it  is,  that  vibrations  travel  through  space  which  can 
not  l»e  propagated  by  matter,  the  two  foundations  of  physical  theory 
arc  well  and  truly  laid.  It  may  be  gi-anted  that  we  have  not  yet 
framed  a  consistent  imago  cither  of  the  nature  of  the  atoms  or  of  the 
ether  in  which  they  exist;  but  1  have  tried  to  show  that  in  spite  of  the 
tentative  nature  of  some  of  our  theories,  in  spite  of  many  outstanding 
ditUcultics,  the  atomic  theory  unities  so  many  facts,  simplifies  so  much 
that  is  complicated,  that  we  have  a  right  to  insist — at  all  events  till  an 
e<|ually  intelligible  rival  hyiMjthcsis  is  produced— that  the  main  struc- 
ture of  our  theory  is  true;  that  atoms  are  not  merely  helps  to  pu/.zlcd^lc 
mathematicians,  but  physical  realities. 


„Googlc 


A  CKNTUKY  OF  THK  STUDY  OF  METEORITKS.' 


By  Dr.  Olivkr  0.   Farkinhton, 

Curator  of  Oruhgy,  Fkhl  f'nl'imhinn  Muteum. 


Tbe  close  of  tbo,  nineteenth  century  will  mark  the  eml  of  the  first 
century  of  tlie  study  of  nieteorite«.  -Up  to  the  beginning  of  this 
century  the  uttitude  of  seientifie  men  toward  the  accounts  of  stones 
reported  to  have  fallen  from  the  sky  was  in  general  one  of  scorn  and 
incredulity.  Thus  an  account  pi-eptired  with  {jrcat  care  by  the  munici- 
pality of  Juillac,  France,  telling  of  a  stone  shower  Which  occurred 
there  in  July,  l"!tO,  was  chaiiicterized  by  Berthelon  at  the  time  as  "a 
recital,  evidently  false,  of  a  phenomenon  physically  impossible"  and 
"calculated  to  excite  the  pity  not  only  of  physicistM  but  of  all  reason- 
aide  people."  Bonn,  in  liis  liithophylaciuni  Bannianum,  refers  to  the 
Tabor,  lloheniia,  meteorite  which  fell  in  1753.  as  "  e  cocio  pluvisse 
croduliores  qiitdam  aiseverant."  Chladni,  writing  in  the  early  part  of 
the  century,  speaks  of  many  meteorites  which  were  thrown  away  in  his 
day  l>ecau,se  the  directors  of  museuuis  were  ashamed  to  exhibit  stones 
reported  to  have  fallen  from  the  sky.  President  Jefferson  when  told 
that  Professoi-s  Sillinian  and  Kinfrslcy  had  desfrriijod  a.showerof  stones 
as  having  taken  place  at  Weston,  Connecticut,  in  1807,  said:  "It  is 
easier  to  Ijelieve  that  two  Yankee  professors  will  lie  than  to  iM'licve 
that  stones  will  fall  from  heaven." 

The  change  of  opinion  on  the  part  of  intelligent  and  especially  sci- 
entific men,  which  took  place  lit  the  l»eginning  of  this  century,  was  due 
largely  to  the  investigation  by  the  French  Academy  of  the  shower  of 
s(onP«  which  fell  at  L'Aigle  in  ISnS.  This  investigation  established 
so  alwolutely  the  fact  of  the  fall  to  the  earth  at  L'Aiglo  of  stones  from 
outer  space  that  scientific  men  were  logically  compelled  to  give  <'i'edence 
to  the  reports  of  similar  occurrences  elsewhere.  Further,  the  japers 
of  Chladni  and  Howai-d  published  about  the  same  time,  strenuously 
urg'ing  that  other  masses  rexxirted  to  have  fallen  upon  the  earth  could 
not.  betause,  of  their  structure  and  conijiosition,  be  of  terre-strial  ori- 
gin, had  much  to  do  with  fixing  the  gmwing  faith  that  solid  cosmic 

■Keprinlei)  l>y  |H'niiii4<t<<n  fruiii  Popular  l^ience  Montlily,  Vol.  LV'JJ,  Febnuuy, 
'"'■      miM 13  r,„„i     W'l'g''-" 
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nvitter  not  of  terrestrial  origin  docs  at  inter\alH  come  to  the  earth. 
Since  this  beginning  the  study  of  meteorites  ha,s  Ixtcn  one  of  constantly 
widening  interest  and  purport. 

The  essentially  distinguii«hing  features  of  nioteoritew  weiv  early 
made  out.  Howard  in  1W2,  from  a  cliemical  investigation  of  various 
"stony  and  metallic  Huhxtanccs  which  at  different  time.'j  ai-e  said  to  have 
fallen  on  the  earth,  al«o  of  various  kinds  of  native  iron,"  drew  the  con- 
clusion that  a  content  of  nii-kcl  chaim-terizetl  most  such  liodics.  lie 
also  found  that  the  meteoric  -stones  were  made  up  chiefly  of  silica  and 
magnesia  and  that  the  iron  sulphide  of  meteorites  was  distinct  from 
the  terrestrial  niineml  pynte.  He  further  noted  the  ehondritic  struc- 
ture as  characteristic  of  many  of  the  meteoric  .st«mes.  The corn-ctness 
of  his  observations  was  stwn  confirmed  by  analyses  made  by  Fourci-oy, 
John,  Klaproth,  and  others.  In  ISCiS  Alois  von  Widmanstatten,  by 
heating  a  section  of  the  Agram  iron,  bi-ought  out  the  figures  which 
have  since  proved  so  characteristic  of  meteoric  ii-ons  in  general  and 
which  are  now  known  by  his  name.  Thus  the  data  were  early  at  hand 
for  distinguishing  meteorites  from  terrestrial  Iwdies,  and  it  soon 
became  possible  to  collect  the  "sky  stones"  even  when  they  had  not 
been  seen  to  fall.  Systematic  efforts  for  the  collection  oi  these  liodies 
were  not  put  forth,  however,  for  many  years.  Up  to  1835  there  were 
only  5(5  diffei-ent  meteorite  falls  represented  in  the  Vienna  wllection, 
and  in  IfSSC  only  I3ti.  Up  to  181)0  those  of  the  British  Museum  col- 
lection numlHjred  onl^'  08  and  those  of  the  I'aris  collection  only  64. 
The  studies  of  these  Ixxlies  during  the  first  half  of  the  century  were 
made,  thertifore,  upon  a  relatively  limited  numlier.  The  earlier  inves- 
tigations were  chietl}'  chemical  in  chaiucter,  various  elements  l>eing 
discoveivd  in  succession.  Manganese  was  discovcn^d  in  the  stone  of 
Siena  by  Klaproth  in  1803,  chromium  in  the  stone  of  Vago  by  l>augier 
in  1806,  («rlKni  in  that  of  Alais  by  Thenai-d  in  ISOS,  chlorine  in  that 
of  Stannern  by  Seheerer  in  the  same  year,  and  cobalt  by  John  in  the 
Pallas  iron  in  1S17.  The  numlier  of  elements  discovered  sinro  has 
brought  the  total  up  to  2!!,  none  l>eing  found,  however,  which  are  not 
alrcadj'  known  upon  the  earth.  Many  of  the  chemical  compounds  of 
meteorites  were  early  isolated  and  their  identity  with  terrestrial 
minerals  established.  Count  Iteurnon  showed  in  180:^  that  the  trans- 
parent green  mineral  accompanying  the  iron  of  Krasnojai-sk  was 
olivine.  The  same  minei'al  was  found  in  other  meteorites  by  later 
observer's,  and  Rose  was  able  in  lS:i5  to  make  angular  mcasureiiients 
of  the  crystals  which  showed  them  to  be  identical  with  those  of  ter- 
restrial olivine.  Laiigier  separated  chi-omite  fioin  the  stones  of 
Ensisheim  and  L'Aigle  in  1806.  Augite  wim  recognized  by  Mohs  in 
the  stone  of  Stannern  in  18^-1  and  by  Kose  in  that  of  Juvinas  in  1825. 
Hauy  recognized  a  feldspar  which  he  thought  to  lie  orthcxrlase  in  the 
stone  of  Juvinas  in  ISi'i,  but  three  years  later  Kose  showed  it  to 
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be  pliigioclaso;  and  the  existence  of  orthoclase  in  meteorites  han  yet 
to  be  proved.  Continued  investi(j^tion«  of  the  compounds  found 
in  meteoiites  up  to  the  present  time  have  resulted  in  the  detection 
of  at  least  21  whose  composition  is  certain,  besides  several  of  a 
somewhat  problematic  nature.  Of  these  compounds  seven  have  lieen 
found  to  differ  in  Lvmposition  from  any  known  terrestrial  substances. 
The  character  of  these  indicates  the  complete  absence  of  wut«r  and  of 
oxygen  in  any  large  amount  from  that  portion  of  nature's  laboratory 
where  meteorites  arc  formed.  Important  investigations  ajs  to  the  gases 
occluded  by  meteorites  were  begun  by  BoussingauU  in  1861  and  have 
been  continued  by  Wiight,  Ansdell,  Dewar,  and  others.  It  has  been 
proved  that  large  i|uantities  of  hydn^en,  as  well  as  carbonic  acid  gas, 
are  contained  in  these  bodies,  under  pressure  greater  than  that  of 
the  earth's  atmosphere.  These  investigations  led  further  to  the  spec- 
troscopic study  of  meteorites  by  Vogel,  Wright,  and  Lockyer.  The 
spectra  thus  obtained,  when  compared  with  those  exhibited  by  comets, 
showed  striking  re-xcmldances,  which  have  Uid  to  a  growing  belief 
among  scientific  men  in  the  identity  of  origin  of  comets  and  meteorites. 
Lockyer  has  indeed  pushed  this  conclusion  to  the  point  of  believing 
that  "all  self-luminous  liodios  in  the  celestial  spaces  are  comjwsed  either 
of  swarms  of  mt^teorites  or  of  masses  of  nn-teoric  vajwr  produced  by 
heat,"  and  he  draws  from  this  many  important  deductions  relating  to 
the  origin  of  the  stars,  comets  and  nebula',  and  the  physical  condi- 
tions prevailing  in  them.  It  will  remain  for  the  twentieth  century  to 
test  the  correctness  of  such  conclusions,  but  the  facts  already  brought 
out  have  considerably  shaken  the  conlidence  hitherto  placed  in  the 
nebular  hypothesis.  Another  interesting  result  of  the  century  has 
been  the  establishment  of  a  general  similarity  l>etween  shooting  stars 
and  meteorites.  This  idea  was  first  suggested  by  Chladni  in  1798, 
but  it  has  remained  for  Newton,  Adams,  and  Schiaparelli  to  give  it 
shape  and  pniof.  The  general  verdict  of  science  is  now  in  accord 
with  the  belief  of  Newton,  "that  from  the  faintest  shooting  star  to  the 
largest  stone  meteor  we  pass  by  such  small  gradations  that  no  clear 
dividing  lines  can  separate  them  into  classes."  Moreover,  the  long- 
existing  belief  in  le  vide  jtlanetaire,  space  filled  only  with  a  mysterious 
fluid  willed  ether,  has  Iwen  shown  to  be  untenable.  Careful  records  and 
estimates  have  shown  that  20,000,000  cosmic  bodies  lai^e  enough  to 
product;  the  phenomena  of  shooting  stars  are  encountered  by  the  earth 
daily.  The  number  of  these  bodies  existing  in  sjwice  must  be,  therefore, 
beyond  all  calculation,  and  their  existence  implies  that  of  .smaller  par- 
ticles in  sufficient  numiier  to  form  a  widely  pervasive  cosmic  dust. 
Many  remarkalile  meteorite  falls  have  o<'currcd  during  the  century. 
Beginning  with  the  stone  shower  of  L'Aigle  in  1S03,  when  2,000  to 
3,000  .stones  fell,  no  less  than  eleven  such  showei-s  have  bc^en  recorded. 
In  the  shower  of  Pultusk,  Poland,  which  occurred  in  1868,  1 
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stones  are  eHtimated  to  have  fallen,  their  t<»tal  weight  reaching  over 
400  pounds.  In  the  shower  at  Moes,  Germany,  in  1882,  more  than 
3,000  stones  fell.  In  our  own  country  about  750  pounds  of  meteoric 
matter  fell  at  Estherville,  Iowa,  in  18"!l,  and  several  thousand  stones 
fell  over  an  area  9  miles  in  length  and  1  mile  wide  near  Forest  City, 
Iowa,  in  1890.  Many  of  these  falls  have  been  marked  by  extraordi- 
nary phenomena  of  light  and  sound,  making  them  events  never  to  be 
forgotten  by  those  who  witnessed  them  and  worthy  to  be  reckoned 
among  the  most  remarkable  natural  owurronces  of  the  century. 
About  285  ai-tually  oltserved  meteoric  falls  is  the  total  recorded 
during  the  <'ontury.  It  is  a  remarkable  fact  regarding  the  nature  of 
the  material  fallen  that  only  5  of  these  have  been  of  meteoric  irons. 
One  of  the.se  irons  fell  at  Mazapil,  Mexico,  during  the  star  shower  of 
November,  1885,  at  the  time  when  the  return  of  Bicla's  comet  was 
looked  for,  and  was  thus  considered  an  occurrence  corroborative  of 
the  already  suspected  relationship  among  comets,  shooting  stars,  and 
meteorites. 

The  indifference  to  the  collecting  of  meteorite.s  which  characterized 
the  early  part  of  the  century  has  given  place  in  its  latter  days  to  an 
extraordinary  diligence  in  the  search  for  these  bodies.  One  meteorite 
has  of  lat«  acquired  a  value  e(]ual  tu  four  times  its  weight  in  gold,  and 
several  can  be  sold  for  two  and  three  times  their  weight  by  the  gold 
standard.  The  meteorite',  collection  of  the  Natural  History  Museuni  in 
Vienna  has  for  many  years  iK-cn  the  leading  one.  What  it  has  cost  to 
build  it  up  may  be  known  from  the  fact  that  it  is  considered  the  most 
valuable  of  any  single  collection  in  that  gnsit  treasure  house.  Repre- 
sentatives of  over  5U0  meteoric  falls  are  exhibited  in  this  <'ollection, 
and  the  meteoric  matter  hfl.s  a  total  weight  of  7  tons.  The  collection 
of  the  British  Museum  of  Xatui-al  Ilistorj-  is  nearly  as  large,  while  at 
Paris,  Berlin,  St.  Petersburg,  and  Calcutta,  together  with  Washington, 
Chicago,  Cambridge,  and  New  Haven,  in  our  own  country,  are  gathered 
extensive  and  important  collections.  The  establishment  of  such  large 
collections  ha-s  for  the  fii-st  time  put  the  ftudy  of  nu^tcorites  on  a  sat- 
isfactory basis  and  given  lively  hope  that  important  truths  will  he 
discovered  by  researches  thus  made  possible.  The  general  similarity 
of  the  stony  mett'orites  to  the  Imsie  \'olcanic  rocks  of  the  earth  has 
been  established,  and  similarity  of  many  physical  structun's  such  as 
brecciation.  slicken-sided  surfaces,  and  veins  hsis  Iwcn  proved.  The 
chondritic  structure  and  the  crystalline  structure  represented  by  the 
Wid man statten- figures  are,  however,  so  far  as  is  yet  known,  pi^culiar 
to  meteorites,  and  it  will  remain  for  the  twentieth  century  to  discover 
what  these  .structures  mean.  Class!  fii«tions  of  meteorites  Itased  on 
their  ininoralogical  anil  striictunil  chanu-tcrs  have  been  established, 
and  im]K)rtant  differences  among  meteorites  shown,  in  spite  of  their 
family  resemblances.     It  would  Ijc  idle  perhaps  to  recount,  as  might 
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\»  donp.  nmnr  theories  regarding  the  nature  and  origin  of  meleontes 
which  have  Iwen  found  untcnalile  as  a  result  of  the  eentury's  Htudy. 
The  theory  of  the  lunar  origin  of  meteorites  had  at  times  »iiv\i  ;il;Ie 
supporters  as  Laplace  and  J,  Lawrence  Smith.  Othei-  able  observers 
have  believed  meteorites  to  l>e  material  ejected  at  some  past  period 
from  the  earth'M  volcanoes,  some  have  regarded  them  of  solar  origin, 
and  still  others  as  fragments  of  a  shattered  planet.  All  of  these 
theories  may  lie  said  to  have  been  pi-oved  fallacious.  The  dis<!overy 
reported  by  Kabn  in  iSSO  of  remains  of  sponges,  corals,  and  plants  in 
meteorites  excited  for  a  time  eager  inquiries  into  the  possibilities  of 
proving  by  the  study  of  meteorites  the  existence  of  life  outside  our 
own  glot)e.  Ho  satisfactory  evidence  of  the  existence  of  cxtraterres- 
ti-ial  life  has,  however,  as  yet  been  obtained  from  meteorit&s.  The 
most  positive  and  enduring  results  of  the  centuiy's  study  may,  there- 
fore, perhaps  be  summed  upas  the  establishment  of  the  fact  of  the 
fall  of  solid  cosmic  matter  to  the  earth  ari<l  a  sufficient  knowledge  of 
its  nature  to  distinguish  it  from  matter  of  terrestrial  origir).  Satis- 
factory i-onclusions  as  to  the  origin  "of  this  matter  and  its  relations  to 
the  visilile  bodies  of  the  great  outlying  universe  remain  yet  to  be 
drawn. 
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Bj'  Phof.  .loriN  H.  Poynting.  D.  Sc.,  F.  R.  S. 


Thp  studiPH  in  gravitation  which  I  am  to  describe  to  j'oii  this  evening 
will  perhaps  fall  Into  Ix'tter  order  if  I  rapidly  ntn  over  the  well-beaten 
track  which  leads  to  those  «tiidies,  the  ti-ack  first  laid  down  by 
Newton  baNetl  on  astronomical  observations,  and  only  made  firmer  and 
broader  by  evei'y  later  observation. 

I  may  remind  you,  then,  that  the  motion  of  the  planets  round  the 
sun  in  ellipses,  each  marking  out  the  area  of  its  orbit  at  a  constant  rate, 
and  each  having  a  year  proportional  to  the  tiquare  root  of  the  cube  of 
its  mean  distance  from  the  sun.  implies  that  there  is  a  force  on  each 
planet  exa«rtly  pi-oportioned  to  its  mass,  dii-ected  toward,  and  inversely 
as  the  square  of  its  distance  from  the  sun.  The  lines  of  foi'ce  radiat« 
out  from  the  sun  on  all  i^iides  equally,  and  always  gi-asp  any  matter 
with  a  force  proportional  to  its  mass,  whatever  planet  that  matter 
belongs  to. 

If  we  assume  that  action  artd  reaction  arc  equal  and  opposite,  then 
each  planet  acts  on  the  sun  with  a  force  proportional  to  its  own  mass; 
and  if,  further,  we  suppose  that  these  forces  are  merely  the  sum  totals 
of  the  forces  due  to  every  particle  of  matter  in  the  bodies  acting,  we 
are  led  straight  to  the  law  of  gravitation,  that  the  force  between  two 
masses  M,  M,  is  always  proportional  to  the  product  of  the  masses 
divided  by  the  square  of  the  distance  r  between  them,  or  is  equal  to 
GXM.XM, 

and  the  constant  multiplier  G  is  the  constant  of  gravitation. 

Since  the  force  is  always  pi-oportional  to  the  mass  acted  on,  and 
produces  the  same  change  of  velo<!ity  whatever  that  ma.ss  may  lie.  the 
ehunge  of  velocity  tells  us  nothing  at>out  the  mass  in  which  it  takes 
place,  but  only  about  the  mass  which  is  pulling.  If,  however,  we 
compare  the  accelerations  due  to  different  pulling  twdies,  as  for 
■  instance  that  of  the  sun  pulling  the  earth  with  that  of  the  earth  pull- 
ing the  moon,  or  if  we  compai-e  changes  in  motion  due  to  the  different 

"From  PnxrfctlingH  of  the  H»yal  Institution  ot  fireat  Britain,  Veil,  XVI.  |mrl  2, 
JJovenilx^r,  1901.  Read  ftt  weekly  cvcninB  meetint;,  Friday.  Fehniary  Zi,  l<IOO,  Ilia 
<irB(«  the  Duke  c.(Northmnberland,  K.  G.,  F.  S.  A.,  prealdent.  in  Iho  i^hair.  I 
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plunpto  pulling'  each  other,  thon  wo  can  compare  their  masses  and 
woigh  them  oiii-  against  anothf^r  and  each  Hgainnt  the  sun.  But  in 
this  weighing  our  standard  weight  is  not  the  pound  or  kilogram  of 
terrestrial  weighings,  Imt  the  mass  of  the  sun. 

For  instance,  from  the  fact  that  a  body  at  the  earth's  surface,  4,000 
mile»,  on  the  average,  from  the  mass  of  the  earth,  falls  with  a  velocity 
increasing  l)y  32  ft.  sec.',  while  the  earth  itself  falls  towards  the  sun, 
i»2,(N"K>.'K)n  miles  away,  with  a  velocity  increasing  liy  a)H>tit  J  inch  /  sec.', 
we  can  at  once  show  that  the  mass  of  the  sun  is  .3lN),t>lK>  times  that  of 
the  earth.  In  other  words,  astronomical  oltscrvation  gives  lis  only  the 
atM-elei-ation,  the  pr(Klu<'t  of  Ct  X  mass  acting,  hut  doew  not  tell  us 
the  value  of  G  nor  of  the  mass  acting  in  Uirms  of  our  terrestrial 
standards. 

To  weigh  the  sun,  the  planets,  or  the  earth  in  jwunds  or  kilo- 
grams, or  to  tind  (i.  we  must  descend  from  the  heavenly  l)odies  to 
earthly  matter,  and  either  compai'e  the  pull  of  a  weighahle  mass  on 
some  l»odj  with  the  pull  of  the  earth  on  it,  or  else  choose  two  weigh- 
ahle mas-ses  and  tind  the  pull  lietween  them. 

All  this  was  clearly  ."cen  hy  Newton,  and  was  set  forth  in  his  Sj'stcm 
of  the  World  (third  edition,  p.  41). 

He  saw  that  a  mountain  mass  might  he  used,  and  weighed  against 
the  earth  by  finding  how  much  it  deflected  the  plumb  line  at  its  base. 
The  density  of  the  mountain  could  be  found  from  specimens  of  the 
rocks  composing  it,  and  the  distance  of  its  parts  from  the  plumb  line 
by  a  survey.  The  deflection  of  the  vertical  would  then  give  the  mass 
of  the  eai'th. 

Newton  also  considered  the  possibility  of  measuring  the  attraction 
between  two  wcighable  masses  and  calculated  how  long  it  would  take 
a  sphere  a  foot  in  diameter,  of  the  earth's  mean  density,  to  draw 
another  equal  sphere,  with  their  surfaces  separated  bj'  one-fourth 
inch,  through  that  one-fourth  inch.  But  he  made  a  very  great  mis- 
take in  his  arithmetic,  for  while  his  result  gave  about  one  month,  the 
actual  time  would  only  be  about  five  and  one-half  minutes.  Had  his 
value  been  right,  gmvitational  experiments  would  have  lioen  beyond 
the  power  of  even  Professor  Boys,  Some  doubt  has  been  thrown  on 
Newton's  authorship  of  this  mistake,  but  I  confess  that  there  is  some- 
thing not  altogether  unpleasing  in  the  mistake  even  of  a  Newton.  His 
faulty  arithmetic  showed  that  there  was  one  quality  which  he  shared 
with  the  rest  of  mankind. 

Not  long  after  Newton's  death  the  mountain  experiment  was  actually 
tried,  and  in  two  ways.  The  honor  of  making  these  tirst  experiments 
on  gi-avitation  Iwlongs  to  Bouguer.  whose  splendid  work  in  thus 
breaking  new  ground  does  not  appear  to  me  to  have  received  the 
credit  due  to  it. 

One  of  his  plans  consisted  in  measuring  the  deflection  of  the  plumb 
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line  due  to  Chiinl>orazo,  one  of  the  Andes  peaks,  by  finding  the  dis- 
tance of  a  star  on  the  meridian  from  the  zenith,  tirnt  lit  u  station  on 
the  south  iside  of  the  niountjiin,  where  the  vertical  wa^  deflected,  and 
then  at  a  station  to  tho  wt^'st,  where  the  moimtain  attraction  was  nearly 
inconsiderable,  so  that  the  actual  nearly  (coincided  with  the  geograph- 
ical vertical.  The  diflference  in  zenith  distances  gave  the  mountain 
deflection.  It  b  not  surprising  that,  working  in  snowstorms  at  one 
station  and  in  sand  iitomis  at  the  other,  liouguei-  obtained  a  very 
incorrect  result.  But  at  'cast  he  showed  the  possibility  of  such  work, 
nnd  since  his  time  many  wxpcrimcnts  have  been  carried  out  on  his 
lines  under  more  favorable  conditions.  Now,  however,  I  think  it  is 
generally  recognized  that  the  difficulty  of  estimating  the  mass  of  a 
mountain  from  mere  surface  chips  is  insui-mountabic,  and  it  is  admitted 
that  the  experiment  should  be  turned  the  other  way  al)out  and  regarded 


at  an  attempt  to  moa-iure  the  mass  of  the  mountami  from  the  density 
of  the  earth  known  i)y  other  experiment.'! 

These  other  experiments  are  on  the  line  indicated  b\  Ni  wton  in  his 
calculations  of  the  attraction  of  two  sphens  The  hist  was  carried 
out  by  Cavendish. 

In  the  apparatus  (fig.  1)  he  used  two  had  ball^  B  B  each  2  inches 
in  diameter.  Those  were  hung  at  the  end  of  a  horizontal  rod  6  feet 
long,  the  torsion  rod,  and  this  was  hung  up  bv  a  long  wiie  from  its 
middle  point.  Two  large  attmcting  spheres  of  lead  W  \\  each  12 
inches  in  diametei-,  were  brought  close  to  the  Mils  on  opposite  sides, 
8o  that  their  attractions  on  the  Iwills  conspiied  to  twist  the  torsion  rod 
round  the  same  way,  and  the  angle  of  twi-^t  was  measured  The  force 
could  be  reckoned  in  terms  of  this  angle  b\  setting  the  rod  vibrating 
to  and  fro  and  tindiug  the  time  of  vibnition.  and  the  force  came  out  to 
lessthaa  oue  three-thousandth  of  a  grain.     Knowing  M,  M,  and  r,  tin. 
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distance  fjotwopn  them  and  tho  force  (J  M,  M,V.  of  coiirsc  ('avondish'w 
rcHult  gives  (i,  or,  knowing  th*-  attraction  of  a  liig  sphere  on  a  ball, 
and  knowinjif  the  attrat^tioii  of  the  earth  on  tho  name  hall — that  is.  iti^ 
weijfht — the  experiment  givpH  the  iiiaNH  of  earth  in  terms"  of  that  of 
the  big  Hphere,  and  so  it(*  mean  density.  This  experiment  has  often 
been  repeated,  but  I  do  not  think  it  is  too  much  to  wty  that  no  advance 
was  made  in  exat^tneJ*.''  till  we  come  to  quite  recent  work. 

By  far  the  most  remarkabhs  recent  study  in  gravitation  is  Professor 
Boys'u  lieautiful  form  of  the  Cavendiuh  experiment,  a  research  which 


btands  out  as  a  model  in  lieauty  of  design  and  in  exactness  of  execu- 
tion (tig.  2).  But  as  Professor  Boys  has  descril)ed  his  experiment 
already  in  thi.-^  theater,"  it  is  not  necessary  for  me  to  more  than  refer 
to  it.  It  18  enough  to  say  that  he  made  the  gieat  discovery,  obvious, 
perhaps,  when  made,  that  the  sensitiveness  of  the  appai-atuis  is  increased 
by  i-educing  its  dimensions.  He  then-fore  decreiused  the  s<-ale  aa  far 
as  was  consistent  with  exact  mejisurement  of  the  parts  of  the  appa- 
ratus, using  a  torsion  rod,  itself  a  mirror,  only  2  inches  long,  gold 
IuIIh,  m  III,  only  \  inch  in  diameb>r,  and  attracting  lead  masses,  M  M, 

'I'T'k'.  Royal  Irip'liliiliim,  XIV,  luirt  2,  \mi,  \,.  ;t'l3.  CjOQqIc 
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only  4i  inches  in  diamfttcr.  Thn  forco  to  ho  moiisiii'eH  whk  Iprm  than 
1/5  X  10*  grain. 

The  exactness  of  his  work  wan  increased  hy  using  us  suspending 
wire  one  of  his  ({tiartz  threads.  It  would  l>c  difSctilt  t<)  overoatimate 
the  «ervi(«  ho  has  rendered  in  the  measurement  of  small  forces  t»y  the 
discovery  of  the  remarkable  properties  of  the.se  threads. 

One  of  the  chief  difficulties  in  the  measurement  of  the.se  small  grav- 
itational pulls  is  the  disturbances  which  are  brought  about  by  the  air 
currents  which  blow  to  and  fro  and  up  and  down  inside  the  appamtua, 
producing  irregular  motions  in  the  torsion  rod,-  These,  though  much 
reduced,  ai-e  uot  reduced  in  proportion  to  the  diminution  of  the 
apparatus. 

A  very  interesting  repetition  of  the  Cavendish  experiment  has  lately 
been  concluded  hy  Dr.  Braun'  at  Mariasehein,  in  Bohemia,  in  which 
he  has  sought  to  get  rid  of  these  disturbing  air  currents  by  saspend- 
ing  his  torsion  rod  in  a  retreiver  which  was  nearly  exhausted,  the  pres- 
sure tieing  reduced  to  al>out  one  two-hundredth  of  an  atmosphere. 
The  gales  which  have  been  the  despnir  of  other  worlcers  were  thus 
reduced  to  such  gentle  breezes  that  their  effect  w)ls  hardly  noticeable. 
His  apparatus  was  nearly  a  mean  prop()rtional  between  that  of  Caven- 
dish and  Boys,  his  torsion  rod  being  aliout  'J  inches  long,  the  balls 
weighing  54  grams — less  than  2  ount^es — and  the  attrauting  ma.sses 
either  5  or  9  kilograms.  His  work  l>ears  internal  evidence  of  great 
care  and  accuracy,  and  he  obtained  almost  exactly  the  same  result  as 
Professor  Boys. 

Dr.  Braun  carried  on  his  work  far  from  the  u.sual  laboratory  facili- 
ties, far  from  workshops,  and  he  had  to  make  much  of  his  appa- 
ratus himself.  His  patience  and  persistence  command  our  highest 
admiration. 

I  am  glad  to  say  that  he  is  now  repeating  the  experiment,  using  as 
suspension  a  quartz  titer  supplied  to  him  by  Professor  Boys  in  place 
of  the  somewhat  untrustworthy  metal  wire  which  he  used  in  the  work 
already  published. 

Professor  Boys  has  almost  indignantly  disclaimed  that  he  was 
engaged  on  any  such  purely  local  experiment  as  the  determination  of 
the  mean  density  of  the  earth.  He  was  working  for  the  univei-se, 
seeking  the  value  of  G,  information  which  would  be  n.s  useful  on  Mars 
or  Jupiter  or  out  in  the  st*MIar  system  as  here  on  the  earth.  But 
perhaps  we  may  this  evening  consent  to  lie  more  parochial  in  our 
ideas  and  expres,s  the  results  in  terms  of  the  mean  density  of  the 
earth.  In  such  terms,  then,  both  Boys  and  Braun  find  that  density 
5,.527  times  the  density  of  water,  agreeing  therfeore  to  1  in  5,0iX). 

There  is  another  mode  of  proceeding  wliich  may  be  regarded  as  the 
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Cavendish  expnriment  turned  from  a  bnrizonUl  into  a  vortutil  plaiif, 
and  in  which  the  toi'sion  Imlam-e  is  rcplac^'d  Uy  the  cottiinoii  balunco. 
Thin  method  octrur'rod  nl>oiit  thn  same  time  to  the  late  Prof.  V. 
Jolly  and  myself.  The  prin<;iple  of  my  own  experiment"  will  be 
sufficiently  indieated  by  fig.  3.  A  big  bullion  Italance  with  a  l-foot 
beam  had  two  lead  .spheivs,  A  B,  each  about  50  potmds  in  weight,  hang- 
ing from  the  two  end.-*  in  place  of  the  usual  scale  pans.  A  large  load 
sphere,  M,  1  foot  in  dinmi>t4>r  and  weighing  iib<mt*350  pounds,  was 
brought  tirst  under  one  hanging  weight,  then  under  the  (tther.  The 
pull  of  the  lead  sphere  acted  tirst  on  one  side  alone  and  then  on  the 


other  so  that  the  tilt  of  the  balance  beam  when  the  sphere  was  moved 
round  was  due  to  twiee  the  pull.  By  means  of  riders  the  tilt  and  there- , 
forc  the  pull  was  measured  directly  as  so  much  increase  in  weight. 
This  increase,  when  the  sphere  was  brought  directh'  under  the  hanging 
weight  with  1  foot  between  the  centers,  was  about  one-fifth  mgm.  in  a 
total  weight  of  20  kilograms,  or  about  1  in  100,000,(MMl.  If,  then,  a 
sphere  one  foot  away  pulls  with  110'  of  the  earth's  pull,  the  earth 
l>eing  on  the  average  ^0,Ol")0,000  feet  away,  it  is  easy  to  see  that  the 
earth's  mass  is  calculable  in  terms  of  the  mass  of  the  sphere,  and  its 


'Phil.  Trans.  1S2,  1891,  A,  p.  665. 
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density  is  tit  once  deduced.     The  direct  aim  of  this  experiment,  then, 
is  not  G,  but  the  mass  of  the  earth. 

It  is  not  a  little  surprising  that  the  balance  eoiild  be  made  to  indicate 
such  a  small  increase  in  weight  as  1  in  100,000,000.  But  not  only  did 
it  indicate,  it  measured  the  increase,  with  variations  usually  well  within 
1  per  cent  of  the  double  attraction,  or  to  1  in  5,000,000,000  of  the 
whole  weight,  a  change  in  weight  which  would  occur  merely  if 
one  of  the  spheres  were  moved  one-fortieth  inch  nearer  the  earth's 
center.  This  accurat^y  is  only  attained  by  never  lifting  the  knife  edges 
and  planes  during  an  experiment,  thus  keeping  the  beam  in  the  same 
state  of  strain  throughout,  and,  further,  by  taking  care  that  none  of 
the  mechanism  for  moving  the  weights  or  riders  shall  be  attached  in 


any  way  to  the  balance  or  its  case;  two  conditions  which  are  abso- 
lutely essential  if  we  ai'e  to  get  the  Iwst  results  of  which  the  balance 
U  cajHible. 

Quit«  recently  another  common  Inilance  experiment  has  l>een  Itrought 
to  a  i^tnclusion  by  Pi-ofessor  Richarz  and  Dr.  Krigai'-Mcnzcl '  at  Span- 
dau,,  near  Berlin.  Their  method  may  l»e  gathered  from  fig.  4,  A 
Imlance  of  '23  cm.,  say  !*-inch  beam,  was  mounted  a)>ove  a  huge  lead 
pile  about  2  meters  cul)e,  and  weighing  100,000  kilograms. 

Two  puns  were  supported  from  each  end  of  the  beam,  one  pan  al>ove 
the  other  pan  Iwlow  the  lead  cube,  the  suspending  wires  of  the  lower 
pans  going  through  narrow  vortical  tubular  holes  in  the  lead.     Instead 
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of  iiiDvin^  the  attmctin^  mans,  thv  uttrat'tcd  niHs»  wum  iiiuved.  Maiwea 
of  1  kilogram  i-ach  wero  put  first,  say,  one  in  the  upper  ri^ht-hand  pan, 
the  other  in  the  tower  left-hand  pun,  whvn  tlio  pull  of  the  lead  block 
made  the  right  hand  heavier  and  the  left  hand  lifrhtcr.  1'hen  the 
weights  wei-c  clmnged  to  the  lower  right  hand  and  the  upper  left  hand, 
when  the  pulls  of  the  lead  pile  were  ivverwed.  When  we  remember 
that  in  my  exjxMiment  a  lowering  of  the  hanging  wphere  by  IJ  inohes 
would  give  an  elTe<-t  a-*  gnnit  as  the  pull  I  was  mea-surtng,  it  \n  evident 
that  hci-e  the  approach  to  and  removal  from  the  earth  by  over  )i  meters 
would  pi'odu<e  very  considcmble  ehanges  in  weight,  and,  indeed, 
these  changes  masked  the  effect  of  the  attraction  of  the  lead.  Pi-elimi- 
nary  experiment-*  had,  therefoi-e,  to  l»c  made  before  the  lead  pile  was 
built  up,  to  find  the  change  in  weight  due  to  removal  from  upper  to 
lower  pan,  and  tliis  ehaiige  had  to  be  allowed  fur.  The  quadruple 
attra«-tion  of  the  lead  pile  came  out  at  1.36t>4  mgin.,  and  the  mean 
density  of  the  earth  at  5.i>05. 

This  agrees  nearly  with  my  own  result  of  5.4!*,  and  it  is  a  curious 
coincidence  that  the  two  moat  rein-nt  Italauce  ex|H'rimenta  agree  very 


nearly  at,  say,  5.r>,  and  the  two  mcwt  recent  Cavendish  experiments 
agree  at,  say,  S.5.1.  Imt  I  confess  I  think  it  is  inetx-ly  a  coincidence.  I 
have  no  doubt  that  the  torsion  experiment  is  the  mons  exact,  though 
prolMibly  an  exp<>riment  on  ditferent  lines  was  worth  making,  and  I 
am  <|uite  content  to  uceei>t  the  value  5.527  as  the  standard  value  for  the 
present. 

And  30  the  latest  research  hius  amply  verilied  Newton's  celebrated 
guess  that  "the  <iuantity  of  the  whole  matter  of  the  earth  may  l>e  live 
or  six  times  grwiter  than  if  it  consisted  all  of  water." 

I  now  turn  to  another  line  of  gravitational  reseairch.  When  we 
compare  gravitation  with  other  known  forces  («nd  those  which  have 
l>ecn  most  closely  studied  are  electric  mid  magnetic  forces)  we  are  at 
once  led  to  inquii-e  whether  the  lines  of  gnivitative  force  are  always 
straight  lines  radiating  from  or  to  the  mass  round  which  they  center, 
or  whether,  like  electri*^  and  magnetic  lines  of  force,  they  have  a  pref- 
erence for  scmie  media  and  a  distaste  for  others.  We  know,  for 
example,  that  if  a  magnetic  sphere  of  iii>u  or  cobalt  or  manganese  is 
placed  iu  a  previously  straight  field  its  permeability  is  greater  than 
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the  air  it  replaces,  and  the  lines  of  force  crowd  into  it,  an  in  tig.  5. 
The  magnetic  action  is  then  stronger  in  Uic  pi-esence  of  the  sphere  near 
the  ends  of  a  diameter  parallel  to  the  original  coiii'se  of  the  lines  of 
force  and  the  lines  are  deflected.  If  the  sphere  be  diamagnetic,  of 
nat<!r,  or  copper,  or  bismuth,  the  permeability  bt-ing  less  than  that 
of  air,  there  is  an  opposttt;  effect,  a^  in  tig.  t>.  and  the  field  is  weakened 
at  the  end  of  a  diameter  parallel  to  the  linos  of  force,  and  again  the 
lines  are  defleeted.  Similarly  a  dielectric  body  placed  in  an  electric 
field  gathers  in  the  lines  of  fortic  and  makes  the  field  where  the  lines 
enter  and  leave  stronger  than  it  was  befoi'c. 

If  we  inclo.se  a  magnet  in  a  hollow  box  of  soft  iron  placed  in  a  mag- 
netic field,  the  lines  of  force  are  gathered  into  the  iron  and  lai^ely 
cleared  away  from  the  in- 
uide  cavity,  so  that  the  mag- 
net is  sciccncd  from  exter- 
nal action. 

Now.  coiuuion  experiem-o 
might  lead  us  at  once  to  say 
that  there  is  no  very  con- 
8iderat)le  effect  of  this  kind 
with  gravitation.  The  evi- 
dence of  ordinary  weighings 
may  jn'rhaps  \*c  rejected, 
inasmuch  as  both  nidea  will  l>e  equally  aiTccted  as  the  Iwlunce  is 
commonly  used.  Hut  a  spring  Imlanco  should  show  if  there  is  any 
large  effect  when  used  in  different  po.'iiitions  above  diffei'ent  media  or 
in  different  inclosures.  and  the  ordinary  lialance  i»  used  in  certain 
experiments  in  which  one  weight  is  suspended  beneath  the  balance 
vase  and  surrounded  perhaps  by  a  metal  case  or  perhaps  by  a  water 
bath.  Yet  no  appreciable  variation  of  weight  on  that  account  has  yet 
been  noted,  nor  does  the  direction  of  the  vertical  change  rapidly  from 
place  to  place,  as  it  would  with  varying  penncability  of  the  ground 
below.  But  perhaps  the  agreement  of  |>endulum  results,  whatever  the 
block  on  which  the  pendulum  is  placed  and  whatever  theca.se  in  which 
it  is  tx>ntained.  gives  the  best  evidence  that  there  is  no  great  gathering 
ill  or  opening  out  of  the  lines  of  the  airth's  force  by  different  media. 
Still,  a  direct  experiment  on  the  attraction  Iietween  two  mas.ses  with 
different  media  interposed  was  well  worthy  of  trial,  and  such  an  exper- 
iment has  lately  been  carried  out  in  America  by  Messrs.  Austin  and 
Thwing.*  The  effect  to  lie  l<K»ked  for  will  Imj  understood  from  fig.  7. 
If  a  medium  more  jHsrmeable  to  gravitation  is  interposed  between  two 
liodies,  the  lines  of  force  will  move  into  it  from  each  side,  and  the 
gravitative  pull  on  a  body  near  the  inu^rposed  medium  on  the  side 
away  from  the  attracting  body  will  be  iiutreased. 

'Physical  Review,  V,  18a7,  p.  21)4.        DgHztdbvOoOoIe 
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The  apparatus  thvy  u.st'd  wns  a  inoditiitl  kind  of  lioys's  apparatus 
(fig.  IS).  Two  Huiall  fjold  uius.-ic.s,  in  th<'  form  of  short  viTtical  wires, 
eat'h  <!.+  gill,  in  wcifrht,  were  itri'anjreil  at  diffon-nt  li-vi-ls  at  the  ends 
virtually  of  a  torsion  hkI  h  mm.  lon^.  The  attnu-tiiijr  ma>!4Kt  Mj  M, 
were  lead,  e«eh  about  1  kgm.  These  were  first  in  thi'  |K)sitioni*  shown 
by  black  Hues  in  the  tijjure,  aud  wen'  thon  iHovod  luto  the  [M>sitionit 
shown  by  dott*>d  linos.  The  attmetion  was  luetisurcd  lir.st  when  nioreiv 
the  air  and  the  t-ase  of  the  instrument  intervened,  and  then  when  vari- 
ous slabs,  eat'h  :i  cm.  thick,  10  cm.  wide,  and  21*  i-m,  hifrh.  were  inter- 
posed. With  screens  of  lead,  zinc,  mercury,  water,  alcohol,  or 
glycerin,  the  change  in  attraction  was  at  the  most  alnmt  1  in  5O0, 
and  this  did  not  exceed 
the  errors  of  e.\periment. 
That  is,  they  found  ho  evi- 
dence of  a  change  in  pull 
withehangoof medium.  If 
siich  ehango  exists,  it  is  not 
of  the  oixJer  of  the  change 
of  elcctri<'pull  with  change 
of  medium,  Itut  something 
far  smaller.  Perhaps  it 
still  remains  just  possible 
that  there  are  variations  of 
gi-avitationiil  permeability 
comparable  with  tht  varia- 
tions of  magnetic  perme- 
ability ill  media  such  as 
water  and  alcohol. 

Yet  another  kind  of  effect 
might  be  siisi>ected.  In 
■'  most  cry  stii  Mine  sulistnaces 
iind  ThHini; '.  "  "™ '  >  "  '  tlic  phvsioil  jn'opertie-'s  are 
different  nlonir  different  di- 
re<:tions  in  a  crj-stal.  They  ex|)iiiid  differently,  they  conduct  heat  differ- 
ently, and  they  tntnsmit  light  at  different  siK-cds  in  dltferent  direction.^. 
We  might,  then,  imagine  that  the  lines  of  gnivitativc  force  spread  out 
from,  say,  a  crystal  spheixs  unequally  in  different  dirwtions.  Sonic 
years  ago,  Dr.  Mackenzie"  made  an  cxin'riment  in  America,  in  which 
he  sought  for  direct  evidence  of  such  unccjual  distributicm  of  the  lines 
of  force.  He  used  a  form  of  apjKiratus  like  that  of  Professor  Boys 
(fig.  2),  the  attnKiting  masses  being  calc  spar  sj)heres  aluut  '2  inches  in 
diameter.  The  attnu^ted  masses  in  one  experiment  were  Hmall  lead 
spheres  about  one-half  gin.  each,  and  he  measured  the  attraction 
between  the  ervstals  and  the  lead  when  the  axes  of  the  crystals  were 
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set  ID  various  positions.  But  the  variation  in  tbe  atti-action  was 
merely  of  tlie  order  of  error  of  experiment.  In  another  experi- 
ment the  attracted  masses  were  small  ealc  spar  crystal  cylinders, 
weighing  a  little  more  than  one-half  gm.  each.  But  again  there  was 
no  evidence  of  variation  in  the  attraction  with  variation  of  axial 
direction. 

Practically  the  same  problem  was  attacked  in  a  diffei'ent  way  by 
Mr.  Gray  and  myself,'  We  tried  to  find  whether  a  quartz  crystal 
spliere  had  any  directive  action  on  another  quartz  crystal  sphere  close 
to  it,  whether  they  tended  to  set  with  their  axes  parallel  or  crossed. 

It  may  easily  be  seen  that  this  U  the  same  problem  by  considering 
what  must  happen  if  there  is  any  difference  in  the  attraction  between 
two  such  spheres  when  their  axes  are  parallel  and  when  they  are 
crossed.  Suppose,  for  example,  that  the  attraction  iu  always  greater 
when  their  axes  are  parallel,  and  this  seems  a  reasonable  supposition, 
inasmuch  as  in  straightforwaixl  crystallization  successive  parts  of  the 
crystal  are  added  to  the  existing  cryatal,  all  with  their  axes  paiullel. 
Begin,  then,  with  two  quartz  crystal  spheres  near  each  other,  with 
their  axes  in  the  same  plane,  but  perpendicular  to  each  other.  Remove 
one  to  a  very  great  distance,  doing  work  against  their  mutual  attrac- 
tions. Then,  when  it  is  quite  out  of  mngo  of  appreciable  action,  turn 
it  round  till  its  axis  is  parallel  to  that  of  the  fixed  crystal.  This 
ab8or))s  no  work  if  done  slowly.  Then  let  it  return.  The  force  on 
the  return  journey  at  every  point  is  greatei'  than  the  force  on  the 
outgoing  journey,  and  moi-e  work  will  Iw  got  out  than  was  put  in. 
When  the  sphere  is  in  its  first  position,  turn  it  round  till  the  axt>s  are 
again  at  rightangles.  Then  work  must  l>e  done  on  turning  it  through 
this  right  angle  to  supply  the  difference  between  the  outgoing  and 
incoming  works.  For,  if  no  work  were  done  in  the  turning,  we  could 
go  through  cycle  after  cycle,  always  getting  a  balance  of  energy  over, 
and  this  would,  I  think,  imply  cither  a  cooling  of  the  crystals  or  a 
diminution  in  their  weight,  neither  supposition  being  admissible.  We 
are  led,  then,  to  .say  that  if  the  attraction  with  parallel  axes  exceeds 
that  with  crossed  axes,  there  must  be  a  directive  action  resisting  the 
turn  from  the  crossed  to  the  parallel  positions.  And,  conversely,  a 
directive  action  implies  axial  variation  in  gravitation. 

The  straightforward  mode  of  testing  the  existence  of  this  directive 
action  wouV.  consist  in  hanging  up  one  sphere  by  a  wire  or  thi-ead 
and  turning  the  other  round  into  various  positions  and  observing 
whether  the  banging  sphere  tended  to  twist  out  of  position.  But  the 
action,  if  it  exists,  is  so  minute  and  the  di-sturbanecs  due  to  air  cur- 
rents are  so  great  that  it  would  be  extremely  difficult  to  observe  its 
effect  directly.     It  occurred  to  us  that  we  might  call  in  the  aid  of  the 

■Phil.  TraiiH.  192,  im).  A,  p.  245. 
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make  the  couple  period,  tben,  a  Httlc  difTerent  from  tite  natural  one 
hundred  and  twenty  second  period,  and  accordingly  we  revolved  the 
large  sphere  once  in  two  hundred  and  thirty  seconds,  when  the  sup- 
posed quadrantal  couple  would  have  a  period  of  one  hundred  and  fif- 
teen seconds. 

Figs.  lU  and  11  may  help  to  show  how  this  enabled  us  to  eliminate 
the  disturbances.  Let  the  ordinatcs  of  the  curves  in  fig.  10  represent 
vibrations  set  out  to  a  horizontal  time  scale.  The  upper  curve  is  a 
regular  vibration  of  ninge  ±  3,  the  lower  a  disturbance  beginning 
with  range  ±  10,  The  first  has  period  1,  the  second  period  1.25. 
Now,  cutting  the  curve.«  into  lengths  equal  to  the  period  of  the  shorter 
time  of  vibration  and  arranging  the  lengths  one  under  the  other,  as  in 
fig.  11,  it  will  be  seen  that  the  maxima  and  the  minima  of  the  regular 
vibration  always  fall  at  the  same  points,  so 
that,  taking  7  periods  and  adding  up  the  ordi- 
natcs, we  get  7  times  the  range,  viz,  ±  21. 
But  in  the  disturbance  the  maxima  and  mini- 
ma fall  at  different  points,  and  even  with  7 
periods  only,  the  range  is  from  +  lt)to  — 13, 
or  less  than  the  range  due  to  the  addition  of 
the  much  smaller  regulation  vibration. 

In  our  experiment  the  couple,  if  it  existed, 
would  very  soon  establish  its  vibration, 
which  would  always  be  there  and  would  go 
through  all  its  values  in  one  hundred  and 
fifteen  seconds.  An  observer,  watching  the 
wheel  at  the  top  of  the  revolving  axis,  gave 
the  time  signals  every  eleven  and  five-tentb 
seconds,  regulating  the  speed  if  necessary, 
-RCTunsotBuperpooiitonoi  and  an  observer  at  the  telescope  gave  the 
lengths  oiturvra  in  flg.  10 equal  |     ,.eadinc  at  every  signal— that  is,  10 

to  Ihc  period  of  Ihe  regular  one.  .  ,       .  ,  -     ,        m,  , 

tunes  dunng  the  period.  The  values  were 
arranged  in  10  columns,  each  horizontal  line  giving  the  readings  of 
a  period.  The  experiment  was  carried  on  for  about  two  and  one-half 
hours  at  a  time,  covering,  say,  80  periods.  On  adding  up  the  columns 
the  maxima  and  minima  of  the  couple  effect  would  always  fall  in  the 
same  two  columns,  and  so  the  addition  would  give  80  times  the  swing, 
while  the  maxima  and  minima  of  the  natural  swings  due  to  disturb- 
ances would  fall  in  different  columns,  and  so,  in  the  long  run,  neu- 
tralize each  other.  The  result-*  of  different  days'  work  might,  of 
course,  be  added  together. 

There  always  was  a  small  outstanding  effect,  such  as  would  be  pro- 
duced by  a  quadrantal  couple,  but  its  effect  was  not  always  in  the  same 
columns,  and  the  not  result  of  alxjut  three  hundred  and  fifty  period 
observations  was  that  there  was  no  one  hundred  and  fift«en  second 
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vibration  of  more  than  1  ^cond  of  are,  while  the  diHturbances  were 
sometimes  5U  times  m  ^reat. 

The  semicircular  couple  required  the  turning  sphere  to  revolve  in 
one  hundred  and  fifteen  seconds.  Here  want  of  symmetry  in  the 
apparatus  would  come  in  with  the  same  effect  as  the  couple  sought, 
and  the  outstanding  result  was  accordingly  a  little  larger. 

But  in  neither  case  could  the  experiments  be  taken  as  showing  a  real 
couple.  They  only  showed  that,  if  it  existed,  it  was  incapable  of  pro- 
ducing an  ctfect  greater  than  that  observed. 

Perhaps  tlie  best  way  to  put  the  result  of  our  work  is  this:  Imagine 
the  small  sphere  set  with  its  axis  at  ib"^  to  that  of  the  other.  Then 
the  couple  is  not  greater  than  one  which  would  take  five  and  one-fourth 
hours  to  turn  it  through  that  45^  to  the  parallel  position,  and  it  would 
oscillate  about  that  position  in  not  less  than  twenty -one  hours. 

The  semicircular  couple  is  not  greater  than  one  which  would  turn 
from  crossed  to  parallel  position  in  fourandone-half  hours,  and  it  would 
oscillate  about  that  position  in  not  less  than  seventeen  hours. 

Or,  if  the  gravitation  is  less  in  the  crossed  than  in  the  parallel  posi- 
tion, and  in  a  constant  ratio,  the  difference  is  less  than  1  in  16,000  in 
the  one  case  and  less  than  1  in  2,800  in  the  other. 

We  may  compare  with  thei-e  numbei-s  the  difference  of  rate  of  travel 
of  yellow  light  through  a  quartz  crystal  along  the  axis  and  perpen- 
dicular to  it.  That  difference  is  of  quite  another  order,  being  about  1 
in  170. 

As  to  other  possible  qualities  of  gravitation,  I  shall  only  mention 
that  quite  indecisive  experiments  have  been  made  to  seek  for  an  altera- 
tion of  mass  on  chemical  eomhi  nation,"  and  that  at  present  there  is  no 
reason  to  suppose  that  tenii)emture  affects  gravitation.  Indeed,  as  to 
temjjerature  effect,  the  agreement  of  weight  methods  and  volume 
methods  of  meai^uring  expansion  with  rise  of  temperature  is  good,  as 
far  as  it  goes,  in  showing  that  weight  is  independent  of  temperature. 

So,  while  the  experiments  to  determine  (i  are  converging  on  the 
same  value,  the  attempts  to  show  that,  under  certain  conditions,  it  may 
not  be  constant,  have  resulted  so  far  in  failure  all  along  the  line.  No 
attack  on  gravitation  has  succeeded  in  showing  that  it  is  related  to  any- 
thing but  the  masses  of  the  attracting  and  the  attracted  bodies.  It 
appears  to  have  no  relation  to  physical  or  chemical  condition  of  the 
acting  masses  or  to  the  intervening  medium. 

Perhaps  we  have  been  led  astray  by  false  analogies  in  some  of  our 
questions.  Some  of  the  qualities  we  have  sought  and  failed  to  find, 
qualities  which  characterize  electric  and  m^netic  forces,  may  be  due 
to  the  polarity,  the  +  and  — ,  which  we  ascribe  to  poles  and  charges, 
and  which  have  no  counterpart  in  mass. 

■Landolt,  Zeil.  fiir  Phye.  Cheiii.  XII,!,  IKW.  Sanfordanil  Ray,  Phytdcftl  Review, 
V.  1807,  p.  247.  C.OlX^fc 
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Joule's  mechanical  «quivalent  of  the  thermal  uuit.  Thua  the  value  of 
ttolar  radiation  per  ac<rond  per  luiuare  cvntimeter  at  the  earth's  distance 
from  the  »un,  estimated  at  l,:J3Scm.-f;ramd,  ia  the  same  as  the  mechan- 
ical value  of  sunlight  in  the  luminiferous  medium  through  a  space  of 
as  many  cubic  centiniet«rH  as  the  number  of  linear  centimeters  of  prop- 
agation of  light  per  second.  Hence  the  mechanical  value  of  the  whole 
energy,  kinetic  and  potential,  of  the  disturbance  kept  up  in  the  spac« 
of  a  cubic  centimeter  at  the  earth's  distance  from  the  sun'  is 

1235  412     , 

3^^yio,or  jjjr.of  aom.-gram. 

Sec.  2.  The  mechanical  value  of  a  cubic  kilometer  of  sunlight  ia 
consequently  412  meter-kilograms,  equivalent  to.  tiie  work  of  one 
horsepower  for  five  and  four-tenths  seconds.  This  result  may  give 
some  idea  of  the  actual  amount  of  mechanical  enei^y  of  the  luminif- 
erous motions  and  forces  within  our  own  atmosphere.  Merely  to 
commence  the  illumination  of  II  cubic  kilometers  requires  an  amount 
of  work  equal  to  that  of  a  horsepower  for  a  minute;  the  same  amount 
of  energy  exists  in  that  space  as  long  as  light  continues  to  traven« 
it,  and,  if  the  source  of  light  be  suddenly  stopped,  must  pass  from  it 
before  the  illumination  ceases."  The  matter  which  possesses  this 
energy  is  the  luminiferous  medium.  If,  then,  we  knew  the  velocities 
of  the  vibratory  motions,  we  might  ascertain  the  density  of  the 
luminiferous  medium;  or,  conversely,  if  we  knew  the  density  of  the 
meditmi,  we  raiglit  determine  the  average  velocity  of  the  moving 
particles. 

Sec.  3.  Without  any  such  definite  knowledge  we  may  assign  a 
superior  limit  to  the  velocities  and  deduce  an  inferior  limit  to  the  quan- 
tity of  matter  by  considering  the  nature  of  the  motions  which  con- 
stitute waves  of  tight.  For  it  appears  certain  that  the  amplitudes  of 
the  vibrations  constituting  radiant  heat  and  light  must  be  but  small 
fractions  of  the  wave  lengths,  and  that  the  greatest  velocities  of  the 
vibrating  particles  must  be  very  small  in  comparison  with  the  velocity 
of  propagation  of  the  waves. 

Sec.  4.  Let  us  consider,  for  instance,  homogeneous  plane  polarized 
light,  and  let  the  greatest  velocity  of  vibration  be  denoted  by  v;  the 
distance  to  which  a  particle  vibrates  on  each  side  of  its  position  of 

*The  mei-lianiial  value  of  Bunlight  in  any  spai.«  near  the  suu'h  aurfaiv  muat  be 
greater  than  in  an  equal  epace  at  the  earth's  distance  in  the  ratio  of  the  square  of  the 
earth'H  tlietant'e  to  the  equare  of  ttie  eun'e  radius — that  is,  in  the  ratio  of  46,000  to  1 
nearly.  The  mei'httiiiial  value  of  b  cubic  centinietor  of  ouiilittht  near  the  son  must, 
therefore,  Ixi 
123.^><4fiOCIO 
3X10'"     '  ' 


L  .001(1  of  acm.-gram. 


■■Hiuiilarly  we  find  4,140  horeepower  for  a  minute  an  the  amount  of  work  requiie 
to  generate  tlif  ener^ry  exiatinir  in  n  cubic  kilometer  of  light  near  dte  bwl.      I  , 


ETHEB   AND   GBAVITATIONAL   MATPEB.  217 

equilibrium  by  A;  and  the  wave  len^b  by  X,     Then,  if  V  denote  the 
velocity  of  proportion  of  light  or  radiant  heat,  we  have 


and  therefore  if  A  be  a  amall  fraction  of  X,  v  must  also  be  a  small 
fraction  (27  times  att  great)  of  V.  The  same  relation  holdi^  for  cir- 
cularly polarized  tight,  since  in  the  time  during  which  a  particle 
revolves  once  round  in  a  circle  of  radius  A  the  wave  tuiH  been  propa- 
gated over  a  space  equal  to  \.  Now,  the  whole  mechanical  value  of 
homogeneous  plane  polarized  light  in  an  infinitely  small  space  con- 
teining  only  particles  sensibly  in  the  same  phase  of  vibration,  which 
consists  entirely  of  potential  energy  at  the  instants  when  the  particles 
are  at  I'est  at  the  extremities  of  their  excursions,  partly  of  potential 
and  partly  of  kinetic  energy  when  they  are  moving  to  or  from  tbeir 
positions  of  equilibrium,  and  wholly  of  kinetic  energy  when  they  are 
passing  through  these  positions,  is  of  constant  amount,  and  must 
therefore  be  at  every  instant  equal  to  half  the  mass  multiplied  by  the 
square  of  the  velocity  which  the  particles  have  in  the  last-mentioned 
case.  But  the  velocity  of  any  particle  passing  through  its  position 
of  equilibrium  is  the  greatest  velocity  of  vibration.  This  we  have 
denoted  by  v;  and,  therefore,  if  p  denote  the  quantity  of  vibrating 
matter  contained  in  a  certain  space,  a  space  of  unit  volume,  for  in- 
stance, the  whole  mechanical  value  of  all  the  energy,  lx>th  kinetic  and 
pot«ntial,  of  the  disturbance  within  that  space  at  any  time  is  k(^- 
The  mechanical  energy  of  circularly  polarized  light  at  every  instant 
is  (as  has  been  pointed  out  to  me  by  Professor  Stokes)  half  kinetic 
energy  of  the  revolving  particles  and  half  potential  energy  of  the 
distortion  kept  up  in  the  luminiferous  medium;  and,  therefore,  v  being 
now  taken  to  denote  the  constant  velocity  of  motion  of  each  particle, 
double  the  preceding  expression  gives  the  mechanical  value  of  the  whole 
disturbance  in  a  unit  of  volume  in  the  present  case. 

Sec.  5.  Hence,  it  is  clear  that  for  any  elUptically  polarized  light  the 
mecbaRical  value  of  the  disturbance  in  a  unit  of  volume  will  be 
between  J/ro*  and  pw*,  if  v  still  denote  the  greatest  velocity  of  the 
vibrating  particles.  The  mechanical  value  of  the  disturbance  kept 
up  by  a  number  of  coexisting  series  of  waves  of  different  periods, 
polarized  in  the  same  plane,  is  the  sum  of  the  mechanical  values  due 
to  each  homogeneous  series  separately,  and  the  greatest  velocity  that 
can  possibly  be  acquired  by  any  vibrating  particle  is  the  sum  of  the 
separate  velocities  due  to  the  different  series.  Exactly  the  same 
remark  applies  to  coexistent  series  of  circularly  polarized  waves  of 
different  periods.  Hence,  the  mechanical  value  is  L^ertainly  less  than 
half  the  mass  multiplied  into  the  square  of   the   greatest   velocitTl^ 
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acquired  by  a  particle,  when  the  disturbance  oonaista  in  the  superpo- 
sition of  different  series  of  plane  polarized  waves;  and  we  may  con- 
clude, for  every  kind  of  radiation  of  light  or  heat  except  a  series  of 
homogeneous  circularly  polarized  wavei),  that  the  mechanical  value  of 
the  disturbance  kept  up  in  any  space  is  less  than  the  product  of  the 
mass  into  the  square  of  the  jjreatest  velocity  acquired  by  a  vibrating 
particle  in  the  varying  phases  of  its  motion.  How  much  less  in  such 
a  complex  radiation  a^  that  of  sunlight  and  heat  we  can  not  tell, 
because  we  do  not  know  how  much  the  velocity  of  a  particle  may 
mount  up,  perhaps  even  to  a  considerable  value  in  comparison  with 
the  velocity  of  propagation,  at  some  instant  by  the  superposition  of 
different  motions  chancing  to  agree;  but  we  may  be  sure  that  the 
product  of  the  mass  into  the  square  of  ati  ordinary  maximum  velocity, 
or  of  the  mean  of  a  great  many  successive  maximum  velocities  of  a 
vibrating  particle,  can  not  exceed  in  any  groat  ratio  the  true  mechao- 
ical  value  of  the  disturbance. 

Sec.  ti.  Recurring,  however,  to  the  definite  expression  for  the 
met^hanical  value  of  the  disturJtance  in  the  case  of  homogeneous  cir- 
cularly polarized  light,  the  only  case  in  which  the  velocities  of  all 
particles  are  constant  and  the  same,  we  may  define  the  mean  velocity 
of  vibration  in  any  case  as  such  a  velocity  that  the  product  of  its  square 
into  the  mass  of  the  vibrating  particles  is  equal  to  the  whole  mechan- 
ical value,  in  kinetic  and  potential  energy,  of  the  disturbance  in  a  certain 
space  traversed  by  it;  and  from  all  we  know  of  the  mechanical  theory 
of  undulations,  it  seems  certain  that  this  velocity  must  be  a  very  smaU 
fraction  of  the  velocity  of  propagation  in  the  most  intense  light  or  radi- 
ant heat  which  is  propagated  according  to  known  laws.  Denoting  this 
velocity  for  the  case  of  sunlight  at  the  earth's  distance  from  the  sun  by 
77,  and  calling  W  the  mass  in  grams  of  any  volume  of  the  luminiferoud 
ether,  we  have  the  mechanical  value  of  the  disturbance  in  the  same  apace, 
in  terms  of  terrestrial  gravitation  units, 

W  . 

— »r, 

g 

where  g  is  the  number  981,  measuring  in  (C.G.S.)  absolute  units  of 

force,  the  force  of  gravity  on  a  gram.     Now,  from  PouiUet's  obser- 

1235  y.  460(H' 
vation,  we  found  in  the  last  footnote  on  section  1  alwve, ^ 

for  the  mechanical  value,  in  centimeter-grams,  of  a  cubic  centimeter 
of  sunlight  in  tlic  neighborhood  of  the  sun;  and  therefore  the  va^as,  in 
grams,  of  a  cubic  centimeter  of  the  ether,  must  be  given  by  the  equa- 
tion, 

w  „i'HlXl23.'>  X  46000 

Cglzcd.vCoOgIC 
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If  we  assume  »f=-V,  this  becomes 

,„     981X1235X46000       ,     981X1235X46000       .     20-64       . 
W= y-      -X«'- (a^^ioj,  — X«'=^^X«'gm.; 

and  for  the  mass,  in  grama,  of  a  cubic  kilometer  we  have  -  -^^jt  X  't'- 

Sec.  7.  It  is  quite  impossible  to  fix  a  definite  limit  to  the  ratio 
which  V  may  bear  to  V;  but  it  appears  improbable  that  it  could  be 
more,  for  instance,  than  one-fiftieth  for  any  kind  of  light  following 
the  observed  laws.  We  may  conclude  that  probably  a  cubic  centi- 
meter of  the  luminiferous  medium  in  the  space  near  the  sun  contains 
not  less  than  516x10""  of  a  gniin  of  matter;  and  a  cubic  kilometer 
not  less  than  516x10"°  of  a  gram. 

Sec.  8.  [Nov.  16,  18yy.-We  have  strong  reason  to  believe  that 
the  density  of  ether  is  constant  throughout  interplanetaiy  and  inter- 
stellar space.  Hence,  taking  the  density  of  water  as  unity  acirording 
to  the  convenient  French  metrical  system,  the  preceding  statements 
arc  equivalent  to  saying  that  the  density  of  ether  in  vacuum  or  space 
devoid  of  ponderable  matter  is  everywhere  probably  not  less  than 
5X10-". 

Hence  the  rigidity  (being  equal  to  the  density  multiplied  by  the 
square  of  the  velocity  of  light)  must  be  not  less  than  4500  dynes*  per 
.■4quare  centimeter.  With  this  enormous  value  as  an  inferior  limit  to 
the  rigidity  of  the  ether,  we  shall  see  in  an  addition  to  Lecture  XIX 
that  it  is  impossible  to  arrange  for  a  radiant  molecule  moving  through 
ether  and  displacing  ether  by  its  translatory  as  well  as  by  its  vibratory 
motions,  consistently  with  any  prolmble  suppositions  as  to  magnitudes 
of  molecules  and  ruptural  rigidity -modulus  of  ether;  and  that  it  isaLso 
impos.sible  to  explain  the  known  smallness  of  ethereal  resistance 
against  the  motions  of  planets  and  comets,  or  of  smaller  ponderable 
bodies,  such  as  those  we  can  handle  and  experiment  upon  in  our  abode 
on  the  earth's  surface,  if  the  ether  must  be  pushed  aside  to  make  way 
for  the  body  moving  through  it.  W^e  shall  find  ourselves  forced  to 
consider  the  necessity  of  some  hypothesis  for  the  free  motion  of  pon- 
derable bodies  through  ether,  disturbing  it  only  by  condensations  and 
rarefactions,  with  no  incompatibility  in  respect  to  joint  occupation  of 
the  same  space  by  the  two  substances.*'] 

isEC.  !l.  I  wish  to  make  a  short  calculation  to  show  how  much  com- 
pressing force  is  exerted  upon  the  luminiferous  ether  by  the  sun's 
attraction.  We  are  accustomed  to  call  ether  imponderable.  How  do 
we  know  it  is  imponderable?     If  we  had  never  dealt  with  air  except 

•gee  Matb.  and  Phye.  Papers,  Vol.  Ill,  p.  522;  and  in  the  lut  line  of  Uble  4,  for 
",)>10-**"  mibftilult,  "p<10-«" 

"See  Phil-  Mag.,  Aug.,  ittOO,  pp.  181-198.  Digitized  byCoOQlc 


220  BTBEB   AND  UBAVITATIOKAL  HATTER. 

by  our  senses,  air  would  be  imponderable  to  us;  but  we  know  by 
experiment  that  a  vacuoui^  ^lass  gIol>e  shows  an  increase  of  weight 
when  air  is  allowed  to  flow  into  it.  We  have  not  the  slightest  reason 
to  believe  the  luminiferous  ether  to  be  imponderable.  [Nov.  17, 
185)9.-1  now  see  that  we  have  the  strongest  possible  reason  t« 
believe  that  ether  U  imponderable.]  It  is  ju.st  as  likely  to  bo  attracted 
to  the  sun  as  air  is.  At  all  events  the  onus  of  proof  reste  with 
those  who  assert  that  it  is  imponderable.  I  think  we  shall  have  to 
modify  our  ideas  of  what  gravitation  is,  if  we  have  a  mass  spread- 
ing through  space  with  mutual  gravitations  between  its  part»  with- 
out being  attracted  by  other  bodies.  [Nov.  17,  181fi'.-Rut  is  there 
any  gravitational  attraction  between  different  portions  of  ether!  Cer- 
tainly not,  unless  either  it  is  infinitely  resistant  against  condensa- 
tion, or  there  is  only  a  finit*  volume  of  space  occupied  by  it.  Suppose 
that  ether  is  given  uniform  spread  through  space  to  infinite  distances 
in  all  directions.  Any  spherical  portion  of  it,  if  held  with  its  sur- 
face absolutely  fixed,  would  by  the  mutual  gravitation  of  ita  parts 
become  heterogeneous;  and  this  tendency  could  certainly  not  be  coun- 
teracted by  doing  away  with  the  supposed  rigidity  of  its  iMundarr 
and  by  the  attraction  of,  ether  extending  to  infinity  outside  it.  The 
pressure  at  the  center  of  a  spherical  portion  of  homogeneous  gravita- 
tional matter  is  proportional  to  the  square  of  the  radius,  and  there- 
fore by  taking  the  globe  large  enough  may  be  made  as  large  as  we 
please,  whatever  be  the  density.  In  fai-t,  if  there  were  mutual  gravi- 
tation between  its  parts,  homogeneous  ether  extending  through  all 
space  would  be  es,scntially  unstable  unless  infinitely  resistant  against 
compressing  or  dilating  forces.  If  we  admit  that  ether  is  to  some 
degree  condensable  and  extensible,  and  believe  that  it  extends  through 
all  space,  then  we  must  conclude  that  there  is  no  mutual  gravitation 
between  its  parts,  and  can  not  believe  that  it  is  gravitationally 
attracted  by  the  sun  or  the  earth  or  any  ponderable  matter;  that  is  to 
say,  we  must  believe  ether  to  be  a  substance  outside  the  law  of  uni- 
versal gravitation.] 

Sec.  10.  In  the  meantime  it  is  an  interesting  and  definite  question 
to  think  of  what  the  weight  of  a  column  of  luminiferous  ether  of  infi- 
nite height  resting  on  the  sun  would  be,  supposing  the  sun  cold  and 
quiet,  and  supposing  for  the  moment  ether  to  be  gravitationally 
attracted  by  the  sun  as  if  it  were  ponderable  matter  of  density 
5X  10~".  You  all  know  the  theorem  for  mean  gravity  due  to  attrac- 
tion inversely  as  the  square  of  the  distance  from  a  point.  It  shows 
that  the  heaviness  of  a  uniform  vertical  cohimn  AB,  of  mass  ie  i>er 
unit  length  and  having  its  length  in  a  line  through  the  center  of  force 
C,  is 


'CA 


ift'B=«, 
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where  m  denotes  the  attracrtion  on  unit  of  m&ns  at  unit  distance. 
Hence  writing  for  mm  CA,  mwCA  CA',  we  wee  that  the  attraction  on 
an  infinite  column  under  the  influence  of  a  force  decreasing  according 
to  inverse  square  of  distance  is  equal  to  the  attraction  on  a  column 
equal  in  length  to  the  distance  of  itw  near  end  from  the  center  and 
attracted  by  a  unifonn  force  equal  to  that  of  gravity  on  the  near  end. 
The  sun's  radius  is  697x10"  cms.,  and  gravity  at  his  surfa«'e  i.s  27 
times'  terrestrial  gravity,  or  say  :i7,000  dynes  per  gram  of  mass. 
Hence  the  sun's  attraction  on  a  column  of  ether  of  a  square  (rentimeter 
section,  If  of  deusity  SxlO~",  and  extending  from  his  surface  to 
infinity,  would  be  9"4xl0~'  of  adyne,  if  ether  were  ponderable. 

Sec,  11.  Considerations  similar  to  those  of  November,  1899,  inserted 
in  section  9  above  lead  to  decisive  proof  that  the  mean  density  of  pon- 
derable matter  through  any  very  lai^e  spherical  volume  of  spa4;e  is 
smaller  the  greater  the  radius,  and  is  infinitely  small  for  an  infinitely 
great  radius.  If  it  were  not  so  a  majority  of  the  bodies  in  the  uni- 
verse would  each  experience  infinitely  great  gravitational  force.  This 
is  a  short  statement  of  the  essence  of  the  following  demonstration: 

Sec.  12.  Let  V  be  any  volume  of  space  bounded  by  a  closed  surface 
S,  outside  of  which  and  within  which  there  are  pondei-able  bodies;  M 
the  sum  of  the  masses  of  all  these  bodies  within  S;  and  ft  the  mean 
density  of  the  whole  matter  in  the  volume  V.     We  have 

M  =  pV (1). 

Let  Q  denote  the  mean  value  of  the  normal  component  of  the  gravita- 
tional force  at  all  points  of  S.     We  have 

QS=4ffM^4TpV (2), 

by  a  general  theorem  discovered  by  Green  seventy-three  years  ago 
regai-ding  force  at  a  surface  of  any  shape,  due  to  matter  {gravita- 
tional or  ideal  electric  or  ideal  magnetic)  acting  according  to  the 
Newtonian  law  of  the  inverse  square  of  the  distance.  It  is  interesting 
to  remark  that  the  aurfat'c  integral  of  the  normal  component  force 
due  to  matter  outside  any  closed  surface  is  zero  for  the  whole  surface. 
If  normal  component  force  acting  inward  is  reckoned  positive,  force 
outwai"d  must  of  course  be  reckoned  negative.  In  equation  (2)  the 
normal  component  force  may  be  outward  at  some  points  of  the  sur- 
face S,  if  in  some  places  the  tangent  plane  is  cut  by  the  surface.  But 
if  the  surface  is  wholly  convex  the  normal  component  force  must  be 
everywhere  inward. 

Sec.  13.  Let  now  the  surface  be  spherical  of  radius  r.     We  have 

S^4t,^;V=^^V;  V  =  JrS (3). 

■This  is  foiinilvil  on  the  fi)ll(>wing  valiitf  fiir  the  buii's  inai'i'  anil  radius  anil  the 
earth's  radiuB=6371  kilometere.  -  it'>t><^lC 
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HcDce,  for  a  upberical  surface,  (2)  gives 

Q=f'-o=^ (4). 

ThiH  shows  that  the  average  normal  component  force  over  the  surface 
S  is  infinit«Iy  gi-eat,  if  p  is  finite  and  r  is  infinitely  great,  which  suffi- 
ces to  prove  section  11. 
8ec.  14.  For  example,  let 

7-=150.10*.2O6.1O'=3-0y.l0"km (5). 

This  is  the  distaoce  at  which  a  star  must  be  to  have  parallax  one  one- 
thousandth  of  a  second;  because  the  mean  distance  of  the  earth  from 
the  sun  is  150,000,000  kms.,  and  there  are  206,000  seconds  of  angle  in 
the  radian.  Let  us  try  whether  there  can  be  as  much  matter  as  a 
thousand-million  times  the  sun's  mass,  or,  as  we  shall  say  for  brevity, 
a  thousand-million  suns,  within  a  spherical  surface  of  that  radius  (5). 
The  sun's  moss  is  324,000  times  the  earth's  mass,  and  therefore  our 
quantity  of  matter  on  trial  is  3*24. 10"  times  the  earth's  mass.  Henoe 
if  we  denote  by  g  terrestrial  gravity  at  the  earth's  surface,  we  have 
hy  (4) 

Q=3-24.10"(^||lijgj^=l-37.10-".<,    ....    (6). 

Henci)  if  the  radial  force  were  equal  over  the  whole  spherical  surface, 
its  amount  would  be  1'37.10~"  of  terrestrial  surface-gravity;  and 
evi^ry  lK>dy  on  or  near  that  surface  would  experience  an  acceleration 
txjward  the  center  e({ual  to 

1"S7. 10""  kms,  per  second  per  second     ■      .      .      (7), 

hecAUHe  y  w  approximately  1,000  cms.  per  second  per  second,  or  '01 
km.  |x'r  HiHiotid  per  scu'oud.  If  the  normal  force  is  not  uniform, 
ttodii'H  on  or  near  the  spherical  surface  will  experience  centerward 
HctMOenition,  Nome  iit  more  than  that  rate,  some  less.  At  exactly  that 
rate,  the  vehMiity  acquin'd  per  year  (thirty-one  and  a  half  million  sec- 
(milM)  would  Ihi  482.  10"*  kms,  per  second.  With  the  same  rate  of 
mrcjtli'mUon  through  five  million  years  the  velocity  would  amount  to 
ijl  ■»  kiim.  ]HT  Hi'cond,  if  the  body  started  from  rest  at  our  spherical 
Nurface;  and  tlin  wpiicc  miivi'd  through  in  five  million  years  would  be 
■17  .  10"  kniH.,  wliich  is  only  •0.5.'-.  of  r  (5).  This  is  so  small  that  the 
force  would  vary  very  little,  unless  tlirough  the  accident  of  near 
iippnHwIi  U)  Moiiin  other  htAy.  With  the  same  aweleration  constant 
through  twcntv-livii  inillit>n  years  the  velocity  would  amount  to  108 
kms.  per  mwond;  but  the  wpai-e  moved  through  in  twenty-five  million 
years  would  he  4"i.'i.  10"  knH.,  or  more  than  the  radius  r,  which  shows 
that  the  niU'  of  aceelemtion  could  not  Ih>  approximately  constant  for 
nearly  "  ■  ' tlnu^  us  twenty-live  million  vears.     It  would,  in  fiust, 
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have  many  cbance-s  of  being  much  greater  than  lOS  kins,  irm-  second, 
and  many  chances  also  of  being  considerably  less. 

Sec.  15.  Without  attempting  to  solve  the  prol»lein  of  tinding  the 
motions  and  velocities  of  the  1,000,000,000  bodies,  we  can  see  that  if 
they  had  been  given  at  rest'  twenty-five  million  yeai-s  ago  distributed 
uniformly  or  nonuniformly  through  our  sphere  (5)  of  3'09 .  10"  kms. 
radius,  a  very  lat^e  proportion  of  them  would  now  have  velocities  not 
less  than  20  or  30  kms.  per  second,  while  many  would  have  velocities 
lesN  than  that;  and  certainly  some  would  have  velocities  greater  than 
108  km£.  per  second;  or  if  thouisands  of  millions  of  years  ago  they 
had  been  given  at  rest,  at  distances  from  one  another  vciy  great  in 
comparison  with  r  (5),  so  distributed  that  they  should  temporarily 
now  be  t:qjably  spaced  throughout  a  spherical  surface  of  radius  r  (5), 
their  mean  velocity  (reckoned  as  the  square  root  of  the  mean  of  the 
squares  of  their  actual  velocities),  would  now  be  50*4  kms.  ger  second.'* 
This  is  not  very  unlike  what  we  know  of  the  stars  visible  to  us. 
Thus  it  is  quite  possible,  perhaps  probable,  that  there  may  be  as  much 
matter  as  a  thousand  million  suns  within  the  distance  corresponding 
to  parallax  one  one-thousandth  of  a  second  (3*09 .  10"  kms.).  But  it 
seems  perfectly  certain  that  thei'e  can  not  be  within  this  distance  as 
much  matter  as  10,000,000,000  suns;  because  if  there  were  we  should 
find  much  greater  velocities  of  visible  stars  than  observation  shows, 
according  to  the  following  tables  of  results  and  statements  from  the 
most  recent  scientific  authorities  on  the  subject. 

■"The  potendftl  energy  of  gravitation  may  be  in  reality  the  ultimate  created 
aatecedent  of  all  the  motion,  heat,  and  light  at  present  in  the  universe."  See 
Mechanical  Aniecedante  of  Motion,  Heat,  and  Light,  Art.  LXIX  of  my  Collected 
Mathematics',  and  Physical  Fapera,  Vol.  11. 

''To  prove  this,  remark  that  the  exhaiution  of  gravitational  energy 

(E=5^  I  I        R'rfa;  rfy  di,  Thomson  and  Twt'a  Natural  Philosophy,  Part 

"*   J  -«  J  -00  J  -«> 

II,  section  546)  when  a  vast  number,  N,  of  equal  masses  come  from  rest  at  Infinite 
distances  from  ont'  another  to  an  equably  spaced  distribution  through  a  sphere  of 
radius  T  is  easily  found  to  be  3/10  Fr,  where  F  denotes  the  resultant  force  ot  the 
attraction  of  all  of  them  on  a  material  point,  of  mass  equal  to  the  sum  of  their 
maseee,  placed  at  the  spherical  surface.  Now,  thisexliaustian  of  gmvitational  energy 
is  spent  wholly  in  the  generation  of  kinetic  energy;  and  therufore  we  have 

2^m'=  A  Fr,  and  by  (7)  F=l-37  .  10-"2in;  whence 

^^=1  1-37.  10-».r 

which,  for  the  case  of  equal  tnasses,  gives,  with  (5)  for  the  value  of  r, 

7^=^  (jX-37.10-".  3-09.10")=M.4knis.  per  second. 
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Molions  'if  liars  tu  tkf  lint  of  tight  determined  at  I'oUdam  Obeervatonj,  13S9-IS91 
[CommuniciLl«l  bjr  PralesHur  BecLvr,  linlvtinilty  ObwrVHtno-  Olsegow.] 
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The  velocity  of  the  sun  relatively  to  stars  in  genei-al  according 
to  Kcmpf  and  Ristcen  is  probably  about  19  kms.  per  second.  In 
respect  to  greatest  proper  motions  and  velocities,  Sir  Norman  Lockyer 
gives  me  the  following  information: 

"The  star  with  the  ereatcst  known  proper  motion  (across  the  line 
of  sight)  i.s  243  Oordoba=8".7  per  annum.  Velocity  in  kilometers 
not  known. 

"1S;W  Groombridgc  has  a  proper  motion  of  7".0  per  annum  and  a 
parallax  of  0".UHy.  from  which  it  results  that  the  velocitv  across  the 
tine  of  sight  is  370  kms.  per  second.  Vaviou.s  estimates  of  tne  parallax, 
however,  have  been  made,  and  this  velocity  is  somewhat  uncertain. 
The  star  with  the  greatest  known  velocity  in  the  line  of  sight  is  C 
Herculis,  which  travels  at  70  kms.  per  second. 

"The  dark  line  component  of  Nova  Pcrsci  was  approaching  the  earth 
with  a  velocity  of  over  1,100  kms.  per  second." 

Thislast-mentionedandgreatest  velocity  is  probably  that  of  a  torrent 
of  gas  due  to  comparatively  small  jjarticles  of  melted  and  evaporating 
fragments  .shot  out  iatei'ally  from  two  great  solid  or  litjuid  masses  collid- 
ing with  one  another,  which  may  be  many  times  greater  than  the  velocity 
of  either  before  collision;  ju^^tas  we  see  in  the  trajectories  of  small  frag- 
ments shot  out  nearly  horizontally  when  a  condemnetl  mass  of  cast  Iron 
is  broken  up  by  a  heavy  mass  of  iron  falling  upon  it  from  a  height  of 
perhaps  20  feet  in  engineering  works. 

Sec.  16.  Newcomb  has  given  a  most  interesting  speculation  regard- 
SM  lyoi 15 
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ing  the  very  great  velocity  of  183U  Groombridge,  which  he  concludes 
as  follows: 

"If,  then,  the  star  in  question  belongs  to  our  stellar  system,  the 
masses  or  extent  of  that  system  must  be  many  times  greater  than 
telescopic  ofjscrvation  and  astronomical  researcn  indicate.  We  may 
place  the  dilemma  in  a  concise  form,  as  follows: 

"Either  the  bodies  which  compose  our  universe  are.  vastly  more 
massive  and  numerous  than  telescopic  examination  seems  t^i  indicate, 
or  1830  (rroombridge  is  a  runaway  star,  flying  on  a  )>oundlos3  course 
through  infinite  space  with  such  momentum  that  the  attraction  of  all 
the  bodies  of  the  universe  can  never  stop  it. 

"  Which  of  these  is  the  moi-e  pi-obable  alternative  we  can  not  pre- 
tend to  say.  That  the  star  can  neitncr  be  stopped,  nor  bent  far  from  its 
course  until  it  has  passed  the  extreme  limit  to  which  the  telescope  has 
ever  penetrated,  we  mav  consider  reasonably  certain.  To  do  tins  will 
require  two  or  three  millions  of  years.  Whether  it  will  then  be  acted 
on  b^  attractive  foii-es  of  which  science  has  no  knowledge,  and  thus 
carried  back  to  where  it  started,  or  whether  it  will  continue  sti-aight- 
forward  forever,  it  is  impossible  to  say. 

"Much  the  same  dilemma  may  be  applied  to  the  past  history  of  this 
body.  If  the  velocity  of  200  miles  or  more  per  wccond  with  which  it 
is  moving  exceeds  any  that  could  be  produced  by  the  attraction  of  all 
the  other  bodies  in  the  universe,  then  it  must  have  been  flying  forward 
through  space  from  the  beginning,  and  having  come  from  an  intinite 
distance,  must  be  now  passing  through  our  system  for  the  first  and 
only  time." 

Sec.  17,  In  all  these  views  the  chance  of  passing  another  star  at 
some  small  distance  such  as  one  or  two  or  three  timet!  the  sun's  radius 
has  been  overlooked;  and  that  this  chance  is  not  excessively  rare  seems 
proved  by  the  multitude  of  Novas  (collisions  and  their  sequels)  known 
in  astronomical  hi.story.  Suppose,  for  example,  ISHO  Gi-oombridge, 
moving  at  370  kms.  per  second,  to  chase  a  stJir  of  twenty  times  the 
sun's  mass,  moving  nearly  in  the  same  direction  with  a  velocity  of  50 
kms.  per  second,  and  to  overtake  it  and  pass  it  as  nearly  as  may  be 
without  collision.  Its  own  direction  would  be  nearly  reversed  and  its 
velocity  would  be  diminished  by  nearly  100  kms.  per  second.  By  two 
or  three  such  casualties  the  greater  part  of  it-*  kinetic  energy  might 
be  given  to  much  larger  bodies  previously  moving  with  velocities  of 
less  than  HM)  kms,  per  second.  lij'  supposing  reversed,  the  motions 
of  this  ideal  history,  we  see  that  1830  Groombridge  may  have  bad  a 
velocity  of  less  than  100  kms,  per  second  at  some  remote  past  time, 
and  may  have  had  its  present  great  velocity  produced  by  several  cases 
of  near  approach  to  other  bodies  of  much  larger  mass  than  its  own, 
previously  moving  in  directions  nearlj'  opposite  to  its  own,  and  with 
velocities  of  less  than  100  kms.  per  second.  Still  it  seems  to  me  quite 
possible  that  Newcomb's  brilliant  suggestion  may  be  true,  and  that 
1830  Groombridge  is  a  roving  star  which  has  entered  our  galaxy,  and 
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is  destined  to  travel  through  it  in  the  course  of  perhaps  two  or  three 
million  years  and  to  pass  away  into  space  never  to  return  to  us. 

Sec.  18.  Many  of  our  supposed  1,000,000,000  stars,  perhaps  a  great 
majority  of  them,  may  be  dark  bodies;  but  let  us  suppose  for  a 
moment  each  of  them  to  be  bright,  and  of  the  same  size  and  bright- 
ness as  our  sun;  and  on  this  supposition  and  on  the  further  supposi- 
tions that  they  are  uniformly  scattered  through  a  sphere  (5)  of  radius 
3-Oy  .  10"  kms.,  and  that  there  are  no  stars  outside  this  sphere,  let  us 
find  what  the  total  amount  of  tftarlight  would  be  in  comparison  with 
sunlight.  Let  n  be  the  number  per  unit  of  volume  of  an  assemblage 
of  globes  of  radius  a  scattered  uniformly  through  a  vast  space.  The 
number  in  a  shell  of  radius  ij  and  thickness  d<i  will  be  nAit/dq,  and 
the  sum  of  their  apparent  areas  as  seen  from  the  center  will  be 

--,-  n  .  in^dq  or  n  .  ^n^t^dq. 

Hence,  by  integrating  from  y=0  to  q=r,  we  find 

n .  irt'a'r (8). 

for  the  sum  of  their  apparent  areas.  Now  if  N  be  the  total  number 
in  the  sphere  of  radius  r  we  have 

„=N/(¥^) (9). 

Hence  (8)  becomes  N  .  3n/  -  j  ■  and  if  we  denote  by  a  the  ratio  of 

the  sum  of  the  appaicnt  areas  of  all  the  globes  to  ia  we  have 

(1  — «)'«,  very  approximately  equal  tol/«,  is  the  ratio  of  the  apparent 
area  not  occupied  by  stars  to  the  sum  of  the  apparent  areas  of  all  their 
disks.  Hence  alpha  is  the  ratio  of  the  apparent  brightness  of  our  star- 
lit sky  to  the  brightness  of  our  sun's  disk.  Cases  of  two  stars  eclips- 
ing one  another  wholly  or  partially  would,  with  our  supposed  values 
of  /'  and  a,  be  so  extremely  rare  that  they  would  cause  a  merely  negli- 
jfible  deduction  from  the  total  of  (10),  even  if  calculatetl  according  to 
pure  geometrical  optics.  This  negligible  deduction  would  be  almost 
wholly  annulled  by  difTraction,  which  makes  the  total  light  from  two 
stars,  of  which  one  is  eclipsed  by  the  other,  very  nearly  the  .same  us 
if  the  distant  one  were  seen  clear  of  the  nearer. 

Sec.  19,  Accordingto  our  supposition  of  section  18  wehaveN  =  10', 
a=i,nf  kms.,  and  therefore  7-  rt^4-4:.10".     Hence  by  (10) 
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This  exceedingly  small  ratio  will  help  uw  to  test  an  old  and  celehrated 
hypothesis  that  if  wc  could  wee  far  enough  into  wpace  the  whole  sky 
would  be  seen  occupied  with  disks  of  stars,  all  of  perhaps  the  same 
brightness  as  our  own  sun,  and  that  the  reason  why  the  whole  of  the 
night  sky  and  day  sky  is  not  an  bright  a.s  the  sun's  disk  is  that  light 
suffers  absorption  in  traveling  through  space.  Remark  that  if  we  vary 
r,  keeping  the  density  of  the  matter  the  ^ame,  N  varies  as  the  cube 
of  r.  Hence  by  (10)  a  varies  simply  as  r;  and  therefore  to  make  a 
even  as  great  as  3-87;100,  or,  say,  the  sum  of  the  apparent  areas  of 
disks  4  per  cent  of  the  whole  sky,  the  radius  roust  be  10".r,  or 
3'09.10"  kms.  Now,  light  ti-avels  at  the  rate  of  300,iKXl  kms.  per 
second,  or  9'45.10"  kms.  per  j'ear.  Hence  it  would  take  3'27.1*l",  or 
about  3i.l0",  years  to  travel  from  the  outlying  suns  of  our  great 
sphere  to  the  center.  Now  we  have  irrefragable  dynamics  proving 
that  the  whole  life  of  our  sun  as  a  luminary  is  a  very  moderate  num- 
ber of  million  years,  probably  less  than  fifty  million,  possibly  between 
fifty  and  one  hundred.  To  be  very  liberal,  let  us  give  each  of  our 
stars  a  life  of  a  hundred  million  years  as  u  luminary.  Thus  the  time 
taken  by  light  to  travel  from  the  outlying  stars  of  our  sphere  to  the 
center  would  be  about  three  and  a  quarter  million  times  the  life  of  a 
star.  Hence  if  all  the  stars  through  our  va-st  sphere  commenced 
shining  at  the  same  time,  three  and  a  quarter  million  times  the  life  of 
a  star  would  pass  before  the  commencement  of  light  reaching  the 
earth  from  the  outlying  stars,  and  at  no  one  instant  would  light  be 
reaching  the  earth  from  more  than  an  excessively  small  proportion  of 
all  the  stars.  To  make  the  whole  sky  aglow  with  the  light  of  all  the 
stars  at  the  same  time  the  commencement's  of  the  different  stars  mu.st 
be  timed  earlier  and  earlier  for  the  more  and  more  distant  ones,  so 
that  the  time  of  the  arrival  of  the  light  of  every  one  of  them  at  the 
earth  may  fall  within  the  durations  of  the  lights  at  the  earth  of  all 
the  others!  Our  supposition  of  uniform  density  of  distribution  is,  of 
course,  quite  arbitrary,  and  (sections  13,  16,  above)  we  ought  in  the 
greater  sphere  to  assume  the  density  much  smaller  than  in  the  smaller 
sphere  (5);  and,  in  fact,  it  seeiai  that  there  is  no  possibility  of  having 
enough  of  stars  {bright  or  dark)  to  make  a  total  of  star-dL^k  area 
more  than  10~"  or  10-"  of  the  whole  sky. 

Sec.  20.  To  understand  the  sparseness  of  our  ideal  distribution  of 
1,000,000,000  suns  divide  the  total  volume  of  the  .supposed  sphere  of 
radius  r  (5)  by  10',  and  we  find  123-5.10"  cu.  kms.  as  the  volume  per 
sun.  Taking  the  culie  root  of  this,  wo  find  i*98.10"  kms.  as  the  edge 
of  the  corresponding  cube.  Hence  if  the  stars  were  arranged  exactly 
in  cubic  order,  with  our  sun  at  one  of  the  eight  corners  belonging  to 
eight  neighboring  cubes,  his  six  nearest  neighbors  would  be  each  at 
distance  i*98.10"  kms.,  which  is  the  distjvnce  corresponding  to  paral- 
lax 0"'62.    Our  sun,  seen  at  so  great  a  distance,  would  probably  be 
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seen  as  a.  star  of  something  between  the  first  and  second  magnitude. 
For  a  moment  suppose  each  of  our  1,000,000,  IXK)  suns,  while  of  the 
same  mass  as  our  own  sun,  to  have  just  such  brightness  as  to  make  it 
a  star  of  the  first  magnitude  at  distance  corresponding  to  parallax 
1"'0.  The  brightness  at  distance  r  (5)  corresponding  to  parallax 
0""001  would  lie  one  one-millionth  of  this,  and  the  most  distant  of  our 
assumed  stars  would  tw  visible  through  powerful  telescopes  as  stars  of 
the  sixteenth  magnitude.  Newcomb  (Popular  Astronomy,  1S83,  p. 
424)  estimated  Iwtwecn  30,000,000  and  50,000.000  as  the  number  of 
stars  visible  in  modern  telescopes.  Young  (CJeneral  Astronomy,  p. 
448)  goes  beyond  this  reckoning  and  estimate?^  at  100,000,000  the  total 
number  of  stars  visible  through  the  Lick  telescope.  This  is  only  the 
tenth  of  our  assumed  number.  It  is  nevertheless  probable  enough 
that  there  may  be  as  many  as  1,000,000,000  stars  within  the  distance  r 
(5),  but  many  of  them  may  be  extinct  and  dark,  and  nine-tenths  of 
them,  though  not  all  dark,  may  be  not  bright  enough  to  be  seen  by  us 
at  their  actual  distances. 

Sec.  21.  1  need  scarcely  repeat  that  our  assumption  of  equable  dis- 
tribution is  perfectly  arbitrary.  How  far  from  being  like  the  truth  is 
illustrated  by  Herschel's  view  of  the  form  of  the  universe  aa  shown  in 
Newcomb's  Popular  Astronomy,  page  469.  It  is  quite  certain  that  the 
real  visible  stars  within  the  distance  ;■  (5)  from  us  are  very  much  more 
crowded  in  some  parts  of  the  whole  sphere  than  in  others.  It  is  also 
certain  that  instead  of  being  alt  equally  luminous,  as  we  have  taken 
them,  they  differ  largely  in  this  respect  from  one  another.  It  is  also 
certain  that  the  masses  of  some  arc  much  greater  than  the  masses  of 
others,  as  will  be  seen  from  the  following  table,  which  has  been  com- 
piled for  me  by  Professor  Becker  from  Andrd's  Traits  d'Astronomie 
Stellaire,  showing  the  suniN  of  the  masses  of  the  component^)  of  some 
double  stars,  and  the  data  from  which  these  have  been  determined. 
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Sec.  22.  There  may  also  be  a  large  amoiiDt  of  matter  in  many  stars 
outride  the  sphere  of  3.10"  kilometers  radius,  but  however  lauch  mat- 
ter there  may  be  outside  it,  it  seema  to  be  made  highly  probable  by 
sectioDs  11-21  that  the  total  quantity  of  matter  within  it  is  greater 
than  100,000,000  times  and  less  than  2,000.000,000  times  the  sun's 
mass. 

I  wish,  in  conclusion,  to  express  my  thanks  to  Sir  Norman  Lockyer, 
to  the  Astronomer  Royal,  Mr.  Christie,  to  Sir  Robert  Ball,  and  to  Pro- 
fessor Becker  for  their  kindness  in  taking  much  trouble  to  give  me 
information  in  respect  to  astronomical  data,  which  has  proved  most 
useful  to  me  in  sections  11-21,  above. 


Digitized  bvCoOgIC 


ON  BOniES  SMALLER  THAN  ATOMS.' 


By  Prof.  .T.  J.  Thomson, 

QiTobridge  Univermly. 


The  masses  of  the  atoms  of  the  various  gases  were  first  investigated 
al>out  thirty  years  ago  by  methods  due  to  Losohmidt,  Johnstone, 
Stoney,  and  Lord  Kelvin.  These  physicists,  using  the  principles  of 
the  kinetic  theory  of  gases  and  making  certain  assumptions,  which  it 
must  be  admitted  are  not  entirely  satisfactory,  as  to  the  shape  of  the 
atom,  determined  the  mass  of  an  atom  of  a  gas;  and  when  once  the 
masH  of  an  atom  of  one  substance  is  known  the  masses  of  the  atoms  of 
all  other  substances  are  easily  deduced  by  well-known  chemical  con- 
siderations. The  i-esuits  of  these  investigations  might  be  thought  not 
to  leave  much  room  for  the  existence  of  anything  smaller  than  ordinary 
atoms,  for  they  showed  that  in  a  cubic  centimeter  of  gas  at  atmospht^ric 
pressure  and  at  if-'  0.  there  are  about  20  million,  million,  million 
(2  X  10")  moleculfs  of  gas. 

Though  some  of  the  arguments  used  to  get  this  result  are  open  to 
question,  the  result  itself  has  been  confirmed  by  considei-ationM  of 
quite  a  different  kind.  Thus,  Lord  Rayleigh  has  shown  that  this  num- 
ber of  molecules  per  cubic  centimeter  gives  aliotit  the  right  value  for 
the  optical  opticity  of  the  air,  while  a  method,  which  I  will  now 
describe,  by  which  we  can  directly  measure  the  number  of  molecules 
in  a  gas,  leads  to  a  result  almost  identical  with  that  of  Loschmidt. 
This  method  is  foimded  on  Faraday's  laws  of  electrolysis.  We  deduce 
from  these  laws  that  the  current  through  an  electrolyte  is  carried  by 
the  atoms  of  the  electrolyte,  and  that  all  these  atoms  carry  the  same 
charge,  so  that  the  weight  of  the  atoms  required  to  carry  a  given 
quantity  of  electricity  is  proportional  to  the  quantity  carried.  We 
know,  too,  by  the  results  of  experiments  on  electrolysis,  that  to  carry 
the  unit  charge  of  electricity  rctiuires  a  collection  of  atoms  of  hydro- 
gen which  together  weigh  about  one-tenth  of  a  milligram;  hence,  if 
we  can  measure  the  charge  of  electricitj'  on  an  atom  of  hydi-ogen  we 
see  that  one-tenth  of  this  charge  will  be  the  weight  in  milligrams  of 
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the  atom  of  hydropfcn.  This  i-osiilt  is  for  thp  rawp  when  eltM-trioity 
pa^nses  through  a  liquid  electrolyte.  I  will  now  explain  how  we  can 
measure  the  mass  of  the  carriers  of  eleeti"icity  required  to  convey  a 
given  charge  of  cleetrieity  through  a  rarefied  gas.  In  this  aii>c  the 
direet  methods  which  are  applicable  to  liquid  eleetrolytes  can  not  I>e 
iised;  but  there  are  other,  if  more  indirect,  methods  by  which  we  ean 
solve  the  problem.  The  first  ease  of  conduction  of  electricity  through 
gason  we  shall  consider  is  that  of  the  so-called  cathode  rays,  those 
streamers  from  the  negative  electro<le  in  a  vacuum  tube  which  pro- 
duce the  well-known  green  phosphorescence  on  the  glass  of  the  tube. 
These  rays  are  now  known  to  consist  of  negatively  electrified  particles 
moving  with  great  rapidity.  Ijct  us  see  how  we  can  determine  the 
electric  chaise  carried  by  a  given  ma-ss  of  these  particles.  We  can  do 
this  by  measuring  the  effect  of  electric  and  magnetic  forces  on  the  par- 
ticles. If  these  are  chained  with  electricity  they  oiight  to  !«  deflected 
when  they  are  acted  on  l»y  an  electric  force.  It  was  some  time,  how- 
ever, before  such  a  deflection  was  ol>served.  and  many  attempts  to 
obtain  this  deflection  were  unsuccessful.  The  want  of  success  was  due 
to  the  fat^t  that  the  rapidly  moving  electrified  particles  which  con8titut<^ 
the  cathode  i-ays  make  the  gas  thi-ough  which  they  pass  ii  conductor 
of  electricity;  the  particles  are  thus,  as  it  were,  moving  inside  conduct- 
ing tubes  which  .screen  them  off  from  an  external  elwtnc  field:  by 
reducing  the  pressure  of  the  gas  Inside  the  tube  to  such  an  extent  that 
there  was  ver^'  little  gas  left  to  conduct,  I  wa'^  able  to  get  rid  of  this 
screening  effect  and  obtain  the  deflo-tion  of  the  rays  l)y  an  electrostatic 
field.  The  cathode  rays  are  also  deflected  by  a  magnet.  The  f<iree 
exerted  on  them  by  the  magnetic-  field  is  at  right  angles  to  the  magnetic 
force;  at  right  angles  also  to  the  velocity  of  the  particle  and  equal  to 
7/^'  sin  0,  where  //  is  the  magneti<^  force,  e  the  charge  on  the  particle, 
and  0  the  angle  lietween  //and  r.  Sir  (ieorg^  Stokes  showed  long 
ago  that  if  the  magnetic  force  vioa  at  right  angles  to  the  velocity  of 
the  particle  the  latter  would  descril>p  a  circle  whose  radius  is  /«»•  c// 
(if  ?»■  is  the  mass  of  the  particle);  wo  can  measure  the  nulius  of  this 
circle  and  thus  find  hi  re.  To  find  v  let  an  electric  force  J^  and  a 
mi^netic  force  //  net  simultaneously  on  the  jmrticle,  the  electric  and 
magnetic  forces  being  both  at  right  angles  to  the  piith  of  the  particle 
and  also  at  right  angles  to  each  other.  Let  us  adjust  these  forces  mo 
that  the  effe<'t  of  the  electi-ic  foi'ce  which  is  equal  to  /-'i  just  balan<'es 
that  of  the  magnetic  force  which  is  ecjual  to  /fii-;  when  this  is  the  cai*e 
J'^e—  irmy  OT  v— FIf.  We  ean  tlms  find  r,  and  knowing  from  the  pre- 
vious experiment  the  value  of  vnt-i;  we  deduce  the  value  of  vi'i:  The 
value  of  tn  c  found  in  this  way  was  about  10"';  and  other  methods 
used  by  Wiechert,  Kaufmann,  and  Lenard  have  given  results  notgreatly 
different.  Since  We— 10"',  we  see  that  to  carry  unit  chai^  of  elet-- 
tricity  liy  the  particles  forming  the  cathode  rays  only  requires  a  mas^i 
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of  these  partiolesaniountingto  one  ten-thousandth  of  amillij;ram,  while 
to  irarrv  the  same  chai-ge  by  hydrogen  iitom!4  would  require  a  niastt  of 
one-t«ntb  of  a  milligram.'' 

Thus  to  carry  a  given  charge  of  electricity  by  hydrogen  atoms  re- 
quires a  mass  a  thousand  times  great«.<r  than  to  carry  it  by  the  n^a- 
lively  electritied  particles  which  conHtitute  the  cathode  rays,  and  it 
i«  very  significant  that,  while  the  mass  of  atoms  required  to  carry  a 
given  chai-ge  through  a  liquid  electrolyte  depi'nds  upon  the  kind  of 
atom,  I)eing,  for  exauiple,  eight  times  greater  for  oxygen  than  for 
hydrogen  atoms^  the  mass  of  cathode  ray  particles  required  to  tairrj'  a 
given  charge  is  quite  inde])endent  of  the  gas  through  which  the  rays 
travel  and  of  the  nature  of  the  electrode  from  which  they  start. 

Tho  exceedingly  small  mass  of  these  particles  for  a  given  charge 
compared  with  that  of  the  hydrogen  atomn  might  be  due  either  to  the 
mass  of  each  of  these  particles  being  very  small  compared  with  that  of 
a  hydrogen  atom  or  else  to  the  charge  carried  by  each  particle  l>eing 
large  com]jared  with  that  carried  by  the  atom  of  hydrogen.  It  is  there- 
fore essential  that  we  should  detennine  the  electric  charge  carried  by 
one  of  these  particles.  The  problem  is  as  follows:  Suppose  in  an  in- 
closed space  we  have  a  numl)er  of  electrified  particles  each  carrying 
the  same  charge,  it  is  required  to  find  the  charge  on  ea<'h  particle.  It  is 
Pa*'y  '►y  electrical  methods  to  determine  the  total  tjuantity  of  electricity 
on  the  collection  of  particle*,  and  knowing  this  we  can  find  the  charge 
on  each  particle  if  we  can  count  the  number  of  particles.  Tu  count 
thc^e  particles  the  first  step  is  t^)  make  them  visible.  We  can  do  this 
by  availing  ourselves  of  a  discovery  made  by  0.  T.  K.  Wilson,  working 
in  the  Cavendish  Laboratory.  Wilson  has  shown  that  when  positively 
and  negatively  electrified  particles  are  present  in  moist  dust-free  air 
a  cloud  is  produced  when  the  air  is  closed  by  a  sudden  expansion, 
though  this  amount  of  expansion  would  )>e  quite  insufficient  to  produce 
condensation  when  no  electrified  particlej*  are  present:  the  water  con- 
denses round  the  electrified  particles,  and,  if  these  are  not  t<»o  numer- 
ous, each  particle  ticcomes  tho  nucleus  of  a  little  drop  of  water.  Now 
Sir  George  Stokes  has  shown  how  we  can  calculate  the  rate  at  which  a 
drop  of  water  falls  through  air  if  we  know  the  .'iize  of  tho  drop,  and 
conversely  wo  can  determine  the  size  of  the  drop  by  measuring  the  rate 
at  which  it  falls  through  the  air;  hence  by  mea.suring  the  .speed  with 
which  the  cloud  falls  we  can  determine  the  volume  of  each  little  drop, 
the  whole  volume  of  water  dcposit*>d  by  cooling  the  air  can  e^wly  be 

•  ProfCBBOr  Schuster  in  IKftfl  was  tlie  Gret  to  a|i[ily  the  mfth<yi  of  tlie  magnetic 
deflection  of  thedbrhar^e  togetailetfriiiituitionpf  tlie  value  of  mje.  He  found  rather 
widely  separated  liiiiiting  vatnee  for  this  quantity,  and  came  to  the  conclti.<<ion  that  it 
waH  of  the  Rame  order  as  in  electrolytic  solutions.  The  rexidt  of  the  method  menHoned 
a)>ove,  an  well  aa  thoee  of  Wiechcrt,  Kaufniann,  and  I.enanl,  make  it  ver;  much 
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citlculated,  and  dividing  the  whole  volume  of  water  by  the  volume  of 
one  of  the  drops  wo  get  the  number  of  drops,  and  hence  the  number 
of  the  cleotrilied  particles.  We  saw,  however,  that  if  we  knew  the 
numl)er  of  particles  we  could  get  the  electric  charge  on  each  particle; 
procpi^ding  in  this  way  I  found  that  the  chaise  carried  by  each  particle 
was  about  6,5  X  10~'°  electrostatic  unit*:  of  electricity  or  2,17  X  lO"*' 
electro -magnetic  uiiitM.  According  to  the  kinetic  theory  of  gasoH 
there  are  2  X  10"  molecules  in  a  cubic  centimeter  of  gas  at  atmos- 
pheric pressure  and  at  the  temperature  0"^  C ;  as  a  cubic  centimeter  of 
hydrogen  weighs  al>out  1  11  of  a  milligram  each  molecule  of  hydrogen 
weighs  about  1  {22  X  10")  milligrams,  and  each  atom  therefore  aboat 
1;(44  X  10")  milligrams,  and  as  we  have  seen  that  in  the  electrolysis  of 
solutions  one-tenth  of  a  milligram  carries  unit  charge,  the  atom  of 
hydrogen  will  carry  a  charge  equal  to  10,(44  X  10")  =  2,27  X  ICT" 
electro-magnetic  units.  The  charge  on  the  particles  in  a  gas  we  have 
seen  is  equal  to  2.17  X  10""  units;  these  numbers  are  so  nearly  equal 
that,  considering  the  difficulties  of  the  experiments,  we  may  fee!  sure 
that  the  charge  on  one  of  these  gaseous  particles  i.s  the  same  as  that  on 
an  atom  of  hydrogen  in  electrolysis.  This  result  has  been  verified  in 
a  different  way  by  Professor  Townscnd,  who  used  a  method  by  which 
he  found,  not  the  absolute  value  of  the  electric  charge  on  a  particle, 
but  the  ratio  of  this  charge  to  the  charge  on  an  atom  of  hydrogen,  and 
he  found  that  the  two  charges  were  equal. 

As  the  charges  on  the  particle  and  the  hydrogen  atom  are  the  same, 
the  fact  that  the  mass  of  these  particles  required  to  carry  a  given 
charge  of  electricity  is  only  one -thousandth  part  of  the  mass  of  the 
hydrogen  atoms  shows  that  the  mans  of  each  of  these  particles  is  only 
about  one  one-thousandth  of  that  of  a  hj'drogen  atom.  These  particles 
occurred  in  the  cathode  rays  inside  a  di>icharge  tube,  so  that  we  have 
obtained  from  the  matter  inside  such  a  tube  particles  having  a  much 
smaller  ma.ss  than  thiit  of  the  atom  of  hj'drogen,  the  smallest  mass 
hitherto  recognized.  These  negatively  electrified  particles,  which  I 
have  called  corpuscles,  have  the  same  electric  chaise  and  the  same 
mass  whatever  I>e  the  nature  of  the  gas  inside  the  tube  or  whatever 
the  nature  of  the  electrodes;  the  charge  and  mass  are  invariable. 
They  therefore  form  an  invariable  constituent  of  the  atoms  or  mole- 
cules of  all  gases  and  presumably  of  all  liquids  and  solids. 

Nor  are  the  corpuscles  confined  to  the  somewhat  inaccessible  regions 
in  which  cathodic  rays  are  found.  I  have  found  that  they  are  given 
off  by  incandescent  metiiU,  by  metals  when  illuminati'd  by  ultra-violet 
light,  while  the  researches  of  Ik'cquerel  and  Professor  and  Madame 
Curie  have  shown  that  they  are  given  off  by  that  wonderful  substance 
the  radio-active  radium. 

In  fact,  in  eveiy  case  in  which  the  transport  of  negative  electricity 
Uirougb  gas  at  a  low  pressure  (i.  c.,  when  the  corpuscles  liave  nothing 
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to  stick  to)  has  been  examined,  it  haa  been  found  that  the  carriers  of 
the  negative  i-lectritaty  are  these  oorpusclea  of  invariable  mass. 

A  very  different  wtatc  of  things  holds  for  the  positive  electricity. 
The  masses  of  the  carriers  of  positive  electricity  have  been  determined 
for  the  positive  electrification  in  vacuum  tubes  by  Wien  and  by  Ewera, 
while  I  have  measured  the  same  thing  for  the  positive  electritication 
produced  in  a  gas  by  an-  incandescent  wire.  The  reault^  of  these 
experiments  show  a  remarkable  difference  between  the  property  of 
positive  and  negative  electrification,  for  the  positive  electricitj',  instead 
of  being  associated  with  a  constant  mass  one  one-thousandth  of  that  of 
the  hydrogen  atom,  is  found  to  l>e  always  connected  with  a  mass  which 
is  of  the  same  order  as  that  of  an  ordinary  molecule,  and  which  more- 
over varies  with  the  nature  of  the  gas  in  which  the  electrification  is 
found. 

These  two  resultt^thc  invariability  and  smallness  of  the  mass  of  the 
carriera  of  negative  electricity  and  the  variability  and  comparatively 
large  mass  of  the  carriers  of  positive  electricity — seem  to  me  to  point 
unmistakably  to  a  very  definite  conception  as  to  the  nature  of  electric- 
ity. Do  they  not  ol>viousIy  suggest  that  negative  electricity  consists 
of  these  corpuscles,  or,  to  put  it  the  other  way,  that  these  corpuscles 
are  negative  electricity,  and  that  positive  electrification  consists  in  the 
absence  of  these  corpuscles  from  ordinary  atoms?  Thus,  this  point  of 
view  approximates  very  closely  to  the  old  one-ffuid  theory  of  Franklin. 
On  that  theory  electricity  was  regarded  as  a  fluid,  and  changes  in  the 
state  of  electrification  were  regaided  as  due  to  the  transport  of  this 
fluid  from  one  place  to  another.  If  we  regard  Franklin's  electric  fluid 
as  a  collection  of  negatively  electrified  corpuscles,  the  old  one-fluid 
theory  will,  in  niany  respect-*,  express  the  results  of  the  new.  We 
have  seen  that  we  know  a  good  deal  about  the  "electric  fluid;"  we 
know  that  it  is  molctrular  or  rather  corpuscular  in  character;  we  know 
the  mass  of  each  of  these  corpuscles  and  the  charge  of  electricity  car- 
ried by  it.  We  have  seen,  too,  that  the  velwiity  with  which  the  cor- 
puscles move  can  be  determined  without  difficulty.  In  foet,  the 
electric  fluid  is  much  more  amenable  to  experiment  than  an  ordinary 
gas,  and  the  details  of  its  structure  are  more  easily  determined. 

Negative  electricity  (i,  e.,  the  electric  fluid)  has  mass.  A  liody 
negatively  electrified  has  a  greater  mass  than  the  same  body  in  the 
neutral  state.  Positive  electrtlication,  on  the  other  hand,  since  it 
involves  the  absence  of  corpuscles,  is  accompanied  by  a  diminution  in 
mass. 

An  interesting  question  arises  as  to  the  nature  of  the  mass  of  these 
corpuscles  which  we  may  illastrate  in  the  following  way.  When  a 
charged  corpuscle  is  moving,  it  produces  in  the  region  around  it  a 
magnetic  field  whose  strength  is  proportional  to  the  velocity  of  the 
corpuscle;  now,  in  a  magnetic  field  there  is  an  amount  of  energy  pi'c^lu 
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portioniil  to  the  xiiiiarc  of  the  i^trcngth,  and  thus,  in  this  case,  propor- 
tional to  the  si|u»iv  of  the  velocity  of  the  corpuscle. 

Thus,  if  c  is  the  elct^tric  charg^e  on  the  corpuscle  and  v  its  velocity, 
there  will  t>c  in  the  region  round  the  corpuwle  an  amount  of  energy 
equal  to  i  ^  !■'>•'  where  /f  is  a  constant  which  depends  upon  the  shape 
and  size  of  the  corpuscle.  Again,  if  711  is  the  mass  of  the  corpuscle  its 
kinetic  energy  is  i?"'-*,  and  thus  the  total  energy  due  to  the  moving 
electrified  corpuscle  is  i(//i+/' '■')'■',  so  that  for  the  same  velocity  it 
has  the  same  kinetic  energy  as  n  nonelectntied  body  whose  matis  Ls 
greater  than  that  of  tlie  eloctnfied  t>ody  by  fir^.  Thus,  a  charged  body 
poHsosscs  in  virtue  of  its  charge,  as  1  showed  twenty  years  ago,  an 
apparent  mass  apart  from  that  arising  from  the  ordinary  matter  in 
the  iKtdy.  Thus,  in  the  case  of  these  coi-pust^les,  part  of  their  mass  is 
undoubtedly  due  to  their  electrification,  and  the  question  arises  whether 
or  not  the  whole  of  their  mass  can  \w  a^^'countcd  for  in  this  way.  I 
have  recently  made  some  experiments  which  were  intended  to  test  this 
point;  the  principle  underlying  these  experiments  was  as  follows:  If 
the  mass  of  the  coi-puscle  is  the  ordinary  "mechanical"'  mass,  then,  if 
a  rapidly  moving  corpuscle  is  brought  to  rest  by  colliding  with  a  solid 
ohsta<-le,  its  kinetic  energy  Iteing  rej^ident  in  the  corpuscle  will  be 
spent  in  heating  up  the  molecules  of  the  olistacle  in  the  neighborhood 
of  the  pIao»;  of  collision,  and  we  should  expect  the  mechanical  equiva- 
lent of  the  heat  produced  in  the  obstacle  to  bo  equal  to  the  kinetic 
energy  of  the  corpus<-le.  If,  on  the  other  hand,  the  mass  of  the  eor- 
puM^leis  "ele<itrical,"  then  the  kinetic  energy  is  not  in  the  corpuscle 
itself,  but  in  the  medium  around  it,  and,  when  the  coipuscle  is  stopped, 
the  energj"  tmvels  outward  into  space  as  a  pulse  confined  to  a  thin  shell 
traveling  with  the  velocity  of  light.  1  suggested  some  time  ago  that 
this  pulse  forms  the  KOntgen  rays  which  are  produced  when  the  cor- 
puscles strike  against  an  obstacle.  On  this  view,  the  first  effect  of  the 
collision  i«  to  produce  KOntgen  rays,  and  thus,  unless  the  obstacle 
^;ainst  which  the  corpuscle  strikes  absorljs  all  these  rays,  the  energy 
of  the  hcjit  developed  in  the  olistacle  will  Ix?  less  than  the  energy  of 
the  corpuscle.  Thus,  on  the  \'iew  that  the  iim-ss  of  the  corpuscle  is 
wholly  or  mainly  electrical  in  its  origin,  we  should  expect  the  heating 
effect  to  be  smaller  when  the  corpuscles  strike  against  a  target  per- 
meable by  the  KOntgen  rays  given  out  by  the  tiil»e  in  which  the  cor- 
puscles are  produced  than  when  they  strike  against  a  target  opaque  to 
these  rays.  I  have  tested  the  heating  effects  produced  in  permeable 
and  opaque  targets,  but  have  never  Ijeen  able  to  get  cridence  of  any 
considerable  difference  between  the  two  ciuscs.  The  differences  actually 
observed  wore  small  compared  with  the  total  effect  and  were  some- 
times in  one  direction  and  sometimes  in  the  opposite.  The  experi- 
ments, therefore,  tell  against  the  view  that  the  whole  of  the  mass  of  a 
corpuscle  is  due  to  it«  electrical  charge.    The  idea  tlut  tna«/f  dn  gen- 
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eml  in  electrical  in  its  origin  in  a  fascinating  one,  although  it  has  not 
at  present  been  reconciled  with  the  resultw  of  experience. 

The  smallnetj.1  of  these  particles  marks  thein  out  as  likely  to  afford 
a  very  valuable  means  for  investigating  the  details  of  molecular 
structure,  a  structure  so  fine  that  even  waves  of  light  are  on  fiir  too 
large  a  scale  to  be  suitable  for  its  investigation,  as  a  single  wave 
length  extends  over  a  large  number  of  molecules.  Thisanticijmtion 
has  been  fully  realized  by  Lenard's  experiment*  on  the  ol>structioii 
offered  to  the  pa8,-Mge  of  these  corpuscles  through  different  substances. 
Lcnard  found  that  this  obstruction  dcpetided  only  upon  the  density  of 
the  suhstancc  and  not  upon  its  chemical  composition  or  physical  stat<!. 
He  found  that,  if  he  took  plates  of  different  substances  of  equal  areas 
and  of  such  thicknesses  that  the  masses  of  all  the  )>Iates  were  the  same, 
then,  no  matter  what  the  plates  were  made  of,  whether  of  insulators 
or  conductors,  whether  of  gases,  liquids,  or  solids,  the  n'sistanco  they 
offered  to  the  passage  of  the  corpuscles  through  them  was  the  same. 
Now,  this  is  exactly  what  would  happen  if  the  atom  of  the  chemical 
elements  were  aggregations  of  a  large  number  of  equal  particles  of 
equal  mass;  the  mass  of  an  atom  being  proportional  to  the  num))er 
of  these  particles  contained  in  it  and  the  atom  being  a  collection  of 
such  particles  through  the  interstices  between  which  the  corpuscle 
might  find  its  way.  Thus,  a  collision  between  a  corpu,sclo  and  an  atom 
would  not  be  so  much  a  collision  between  the  corpuscle  and  the  atom 
as  a  whole,  as  between  a  corpuscle  and  the  individual  particles  of 
which  the  atom  consists;  and  the  number  of  collisions  the  corpusc-le 
would  make,  and  therefore  the  resistance  it  would  experience,  would 
be  the  same  if  the  number  of  particles  in  unit  volume  were  the  same, 
whatever  the  nature  of  the  atoms  might  he  into  which  these  parti<;les 
arc  aggregated.  The  number  of  particles  in  unit  volume  is,  however, 
fixed  by  the  density  of  the  substance,  and  thus  on  this  view  the  density 
and  the  density  alone  should  fix  the  resistance  offered  by  the  sub- 
stance to  the  uiotion  of  a  corpuscle  thixjugh  it;  this,  however,  is  pre- 
cisely Lenard's  result,  which  is  thus  a  strong  confirmation  of  the  view 
that  the  atoms  of  the  elementary  .sul>stances  are  made  up  of  simpler 
parts,  all  of  which  are  alike.  This  and  similar  views  of  the  constitu- 
tion of  matter  have  often  been  advocated;  thus,  in  one  form  of  it, 
linown  as  Prout's  hypothesis,  all  the  elements  were  supposed  to  Iw 
compounds  of  hydrogen.  We  know,  however,  that  the  mass  of  the 
primordial  atom  must  Ire  much  less  than  that  of  hydrogen.  Sir  Nor- 
man Lockyer  has  advocated  the  composite  view  of  the  nature  of  the 
elements  on  spectroscopic  grounds,  but  the  view  has  never  been  more 
boldly  stated  than  it  was  long  ago  by  Newton,  who  says: 

"The  smallest  particles  of  matter  may  cohere  by  the  strongest 
attraction  and  compose  bigger  particles  of  weaker  virtue,  and  many  of 
these  may  cohere  and  compose  bigger  particles  whose  virtue  is  still  J^ 
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weaker,  and  so  on  for  divcr.-^  tmct-'ession,  until  the  progresaioD  ends  in 
the  biggest  particles  on  which  the  operations  iti  chemistry  and  the 
colors  of  natural  liodies  depend  and  which  by  adhering  compose  bodies 
of  a  sensible  magnitude." 

The  reasoning  we  iiscd  to  prove  that  the  rosistance  to  the  motion 
of  the  corpuscle  depends  only  upon  the  density  is  only  valid  when  the 
sphere  of  action  of  one  of  the  particles  on  a  corpuscle  does  not 
extend  as  far  as  the  nearcjit  particle.  \Ve  shall  show  later  on  that  the 
sphere  of  action  of  a  particle  on  a  corpust^le  depends  upon  the  velocity 
of  the  corpuscle,  the  smaller  the  velocity  the  greater  Iwing  the  sphere 
of  action,  and  that  if  the  velocity  of  the  corpuscle  falls  as  low  as  10^ 
centiraent«rs  per  second,  then,  from  what  we  know  of  the  charge  on 
the  corpuscle  and  the  size  of  molecules,  the  sphere  of  action  of  the 
particle  might  be  expected  to  extend  farther  than  the  distance  between 
two  particles,  and  thus  for  corpuscles  moving  with  this  and  smaller 
velocities  we  should  not  expect  the  density  law  to  hold. 

EXISTENCE  OF  PfiEE  CORPL'SCI.Ea  OR  NEGATIVE   ELEOTRICITV  IN  METALS. 

In  the  cases  hitherto  dcscril>cd  the  negatively  electrified  corpuscles 
had  been  obtained  by  prwe-sses  which  require  the  bodies  from  which 
the  corpuscltss  are  liberated  to  be  subjected  to  somewhat  exceptional 
treatment.  Thus  in  the  case  of  the  cathode  rays  the  corpuscles  were 
obtained  by  means  of  intense  elcetric  fields,  in  the  case  of  the  incan- 
descent wire  by  great  heat,  in  the  case  of  the  cold  metal  surface  by 
exposing  this  surface  to  light.  The  question  arisen  whether  there  is 
not  to  some  extent,  even  in  matter  in  the  ordinary  state  and  free  from 
the  action  of  such  agencies,  a  spontaneous  liberation  of  those  cor- 
puscles— a  kind  of  dissociation  of  the  neutral  molecules  of  the  sub- 
stance into  pasitivciy  and  negatively  electrified  parts,  of  which  the 
latter  are  the  negatively  electrified  corpuscles. 

Let  us  consider  the  consequences  of  some  such  effect  occurring  in 
a  metal,  the  atoms  of  the  metal  splitting  up  into  negatively  electrified 
corpuscles  and  positively  electrified  atoms,  and  these  again  after  a  time 
recombining  to  form  neuti-al  system.  When  things  have  got  into  a 
steady  state  the  number  of  corpuscles  recombining  in  a  given  time 
will  be  equal  to  the  number  liberated  in  the  same  time.  There  will 
thus  l»e  diffused  through  the  metal  swarms  of  these  corpuscles;  these 
will  be  moving  about  in  all  directions,  like  the  molecules  of  a  gas,  and, 
as  they  can  gain  or  lose  energy  by  colliding  with  the  molecule  of  tlio 
metal,  we  should  expect  by  the  kinetic  theory  of  gase.s  that  they  will 
acquire  such  an  average  velocity  that  the  mean  kinetic  energy  of  a 
coi-puscle  moving  at>out  in  the  metal  is  equal  to  that  possessed  by  a 
moleculeof  a  gas  at  the  temperature  of  the  metal.  This  would  make 
the  average  velocity  of  the  corpuscles  at  0°  C.  about  10'  centimeters 
per  second.    This  swarm  of   negatively  electrified  corpuscles  when 
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exposed  to  an  electric  force  will  bo  sent  driftinjj; along  in  the  direction 
opposite  to  the  force;  thia  drifting  of  the  coi-puscles  will  be  an  elec- 
tric current,  so  that  we  could  in  this  way  explain  the  electrical  con- 
ductivity of  Dictala. 

The  amount  of  electricity  carried  across  unit  area  under  a  given 
eleirtric  force  will  depend  upon  and  increase  with  (1)  the  number  of 
free  corpuscles  per  unit  volume  of  the  metal;  (a)  the  freedom  with 
which  these  can  move  under  the  force  between  the  atoms  of  the 
metal.  The  latter  will  depend  upon  the  average  velocity  of  these  cor- 
puscles, for  if  they  are  moving  with  very  great  rapidity  the  electric 
force  will  have  very  little  time  to  act  before  the  corpuscle  collides 
with  an  atom,  and  the  effect  produced  by  the  electric  force  annulled. 
Thus  the  average  velocity  of  drift  imparted  to  the  corpuscles  by  the 
electric  field  will  diminish  as  the  average  velocity  of  translation, 
which  is  fixed  by  the  tcrapei-ature,  increases.  As  the  average  velocity 
of  translation  increases  with  the  t«mporaturc,  the  corpuscles  will 
move  more  freely  under  the  acrtion  of  an  electric  force  at  low  tem- 
peratures than  at  high,  and  thus  from  this  cause  the  electrical 
conductivity  of  metals  would  increase  as  the  temp«!rature  diminisheii. 
In  a  paper  presented  to  the  International  Congress  of  Physics  at  Paris 
in  the  autumn  of  last  year,  I  described  a  method  by  which  the  number 
of  corpuscles  per  unit  volume  and  the  velocity  with  which  they  moved 
under  an  electric  force  can  be  determined.  Applying  this  method  to 
the  case  of  bismuth,  it  appears  that  at  the  temperature  of  20'  C 
there  are  about  as  many  corpuscles  in  it  cubic  centimeter  as  there  are 
molecules  in  the  same  volume  of  a  ga.s  at  the  same  temperature  and  at 
a  pressure  of  about  one-fourth  of  an  atmosphere,  and  that*  the  cor- 
puscles under  an  electric  field  of  I  volt  per  centimeter  would  travel  at 
the  rate  of  about  70  meters  per  second.  Bismuth  is  at  present  the 
only  metal  for  which  the  data  necessary  for  the  application  of  this 
method  exists  hut  experiments  are  in  progress  at  the  Cavendish  lab- 
oratory which  it  is  hoped  will  furnish  the  means  for  applying  the 
method  to  other  metals.  We  know  enough,  however,  to  be  sure  that 
the  corpuscles  in  good  eotiductors,  such  as  gold,  silver,  or  copper, 
must  be  much  more  numerous  than  in  bismuth,  and  that  the  corpus- 
cular pressure  in  these  metals  must  amount  to  many  atmospheres. 
These  (wrpuscles  increase  the  specific  heat  of  a  metal  and  the  specific 
heat  gives  a  superior  limit  to  the  number  of  them  in  the  metal. 

An  interesting  application  of  this  theory  is  to  the  condut^tion  of 
electricity  through  thin  films  of  metal.  Longden  has  rccentlj'  shown 
that  when  the  thickness  of  the  film  falls  below  a  certain  value  the 
specific  resistance  of  the  film  increases  rapidly  as  the  thickness  of  the 
film  diminishes.  This  roj^ult  is  readily  explained  by  this  theory  of 
metallic  conduction,  for  when  the  tihn  get^  so  thin  that  Hh  thickness  is 
comparable  with  the  mean  free  path  of  a  corpuscle  the  number  ef  col-  i 
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lisionH  made  by  a  corpuscle  in  a  film  will  be  greater  than  in  tlie  metal 
in  bulk,  thuH  the  mobility  of  the  particles  in  the  film  will  be  less  and 
the  electrical  resistance  consequently  greater. 

The  forj)uaclc8  disseminated  through  the  metal  will  do  more  than 
carry  the  electric  current,  they  will  also  carry  heat  from  one  part  to 
another  of  an  unequally  heated  piece  of  metal.  For  if  the  corpuscles 
in  one  part  of  the  metal  have  more  kinetic  energy  than  those  in 
another,  then,  in  consequence  of  the  collisions  of  the  corpuscles  with 
each  other  and  with  the  atoms,  the  kinetic  energy  will  tend  to  pasa 
from  those  places  where  it  is  greater  to  those  where  it  is  less,  and  in 
this  way  heat  will  flow  from  the  hot  to  the  cold  parts  of  the  metal.  As 
the  rate  with  which  the  heat  is  carried  will  increase  with  the  number 
of  corpuscles  and  with  their  mobility,  it  will  l>e  influenced  by  the  same 
circumstances  as  the  conduction  of  electricity,  oo  that  good  conductors 
of  electricity  should  also  be  good  conductors  of  heat.  If  we  calculate 
the  ratio  of  the  thermal  to  the  electric  conductivity  on  the  assumption 
that  the  whole  of  the  heat  is  carried  by  the  corpuscles  we  obtain  a 
value  which  is  of  the  same  order  as  that  found  by  experiment. 

Weber  uiany  years  ago  suggeste4  that  the  electrical  conductivity  of 
metals  was  due  to  the  motion  through  them  of  positively  and  nega- 
tively electrified  particles,  and  this  view  has  recently  been  greatly 
extended  and  developed  by  Riecke  and  by  Drude.  The  objection  to  any 
electrolytic  view  of  the  conduction  through  metals  is  that,  as  in  elec- 
trolysis, the  transport  of  electricity  involves  the  transport  of  matter, 
and  no  evidence  of  this  has  been  detected.  This  objection  does  not 
apply  to  the  theory  sketched  al>ove,  as  on  this  view  it  is  the  corpuscles 
which  carry  the  current;  these  arc  not  atoms  of  the  metal,  but  very 
much  smaller  bodies,  which  are  the  same  for  all  metals. 

It  may  l>e  asked,  If  the  coi-puscles  are  disseminated  through  the 
metal  and  moving  about  in  it  with  an  avemge  velocity  of  about  10' 
(centimeters  per  second,  how  is  it  that  some  of  them  do  not  escape 
from  the  metal  into  the  surrounding  airf  Wo  must  remember,  how- 
ever, that  these  negatively  electrified  eoi-puscles  are  attracted  by  the 
positively  electrified  atoms,  and  in  alt  probability  by  the  neutral  atoms 
as  well,  so  that  to  escape  from  these  attractions  and  get  free  a  corpuscle 
would  have  to  possess  a  detinite  amount  of  energy.  If  a  corpuscle  had 
less  energy  than  this,  then,  even  though  projected  away  from  the  metal, 
it  would  fall  back  into  it  after  traveling  a  short  distance.  When  the 
metal  is  at  a  high  temperature,  as  in  the  case  of  the  incandescent  wire, 
or  when  it  is  illuminated  by  ultra-violet  light,  some  of  the  corpuscles 
acquire  .sufficient  energy  to  escape  from  the  metal  and  produce  electri- 
fication in  the  surrounding  gas.  We  might  expect,  too,  that  if  we  could 
charge  a  metal  so  highly  with  negative  electricity  that  the  work  done 
by  the  electric  field  on  the  corpuscle  in  a  distance  not  greater  than  the 
sphere  of  action  of  the  atoms  on  the  corpuscles  was  greater  thua  the 
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energy  required  for  a  corpuscle  to  escspe,  theu  the  corpuscles  would 
OHcapc  and  negative  electricity  stream  from  the  metal.  Tn  this  case 
the  discharge  could  be  effected  without  the  participation  of  the  gas 
surrounding  the  metal,  and  might  even  take  place  in  an  absolute 
vacuum,  if  we  could  produce  such  a  thing.  We  have  as  yet  no  evi- 
(lence  of  this  kind  of  disi-hai^e,  unless,  indeed,  some  of  the  interesting 
restdts  recently  obtained  b}'  Earhart  with  very  short  sparks  should 
be  indications  of  an  etfect  of  this  kind. 

A  very  interesting  case  of  the  spontaneous  emission  of  corpuscles 
is  that  of  the  radio-active  substance  radium  discovered  by  M.  and 
Mme.  Curie,  Uadium  gives  out  negatively  electrified  corpuscles 
irhich  arc  deflected  by  a  magnet.  Becquerel  has  determined  the  ratio 
of  the  masH  to  the  charge  of  the  radium  corpuscles  and  finds  it  is  the 
same  as  for  the  corpuscles  in  the  cathode  rays.  The  velocity  of  the 
radium  corpuscles  is,  however,  greater  than  any  that  has  hithei-to 
been  observed  for  either  cathode  or  Lenard  rays;  being,  as  Becquerel 
found,  as  much  as  2x10'*  centimeters  per  second,  or  two-thirds  the 
velocity  of  light.  This  enormous  velocity  explains  why  the  corpuscles 
from  radium  are  so  very  much  more  penetrating  than  the  corpuscles 
from  cathode  or  Lenard  rays;  the  difference  in  this  respect  is  very 
.^striking,  for  while  the  latter  can  only  penetrate  solids  when  they 
are  beaten  out  into  the  thinnest  films,  the  corpuscles  from  radium 
have  been  found  by  Curie  to  be  able  to  penetrate  a  piece  of  glass  3 
millimeters  thick.  To  see  how  an  increase  in  the  velocity  can  increase 
the  penetrating  power,  let  us  take  as  an  illustration  of  a  collision  be- 
tween the  corpuscle  and  the  particles  of  the  metal  the  case  of  a  charged 
corpuscle  moving  past  an  electrified  body;  a  collision  may  be  said  to 
occur  Ijetwcen  these  when  the  corpuscle  comes  so  close  to  the  chained 
body  that  its  direction  of  motion  after  passing  the  body  differs  appre- 
ciably from  that  with  which  it  started.  A  simple  calculation  shows 
that  the  deflection  of  the  corpuscle  will  only  be  considerable  when 
the  kinetic  energy  with  which  the  corpuscle  starts  on  ita  journey 
toward  the  chained  body  is  not  large  compared  with  the  work  done 
by  the  electric  forces  on  the  corpuscle  in  its  journey  to  the  shortest 
distance  from  the  charged  l>ody.  It  dh  the  shortest  distance,  e  and  e' 
the  charge  of  the  body  and  corpuscles,  the  work  done  is  ca'  '<l;  while  if 
III  is  the  mass  and  v  the  velocity  with  which  the  corpuscle  starts,  the 
kinetic  energy  to  Iwgin  with  is  im*;';  thus  a  considerable  deflection 
of  the  corpuscle,  i.  e.,  a  collision,  will  occur  only  when  eif  d  is  com- 
parable with  iwif*;  and  d,  the  distance  at  which  a  collision  occurs, 
will  vary  inversely  as  w*.  As  rf  is  the  radius  of  the  sphere  of  action  for 
collision,  and  as  the  number  of  collisions  is  proportional  to  the  area  of 
a  section  of  this  sphere,  the  number  of  collisions  is  proportional  to 
cJ",  and  therefore  varies  inversely  as  ■«'.  This  illustration  explains 
how  rapidly  the  number  of  collisions,  and  therefore,  the  resistances]^ 
8M  1901 16  '^ 
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offered  to  the  motion  of  the  corputsclcs  through  matter  ditninishea  as 
the  velocity  of  the  corpueclea  increases,  so  that  we  can  understand  why 
the  rapidly-moving  corpusclea  from  radium  arc  able  to  penetrate  sub- 
stances which  are  nearly  impermeable  to  the  more  slowly  moving  cor- 
puscles from  cathode  and  Lcnard  rays, 

COSMICAI.  EFFECTS   PRODUCED   BY  CORPUSCI.ES. 

As  a  very  hot  metal  emitf*  these  corpuscles,  it  does  not  seom  an 
improbable  hypothesis  that  they  arc  emitted  )»y  that  very  hot  l)ody, 
the  sun.  Some  of  the  consequences  of  this  hypothesis  have  been 
developed  by  Paulsen,  Birkeland,  and  Arrhcnius,  who  have  developed 
a  theory  of  the  aurora  Ixircalis  from  this  point  of  view.  Let  us  sup- 
pose that  the  sun  gives  out  corpuscles  which  travel  out  through  inter- 
planetary spa<ic;  some  of  these  will  strike  the  upper  regions  of  the 
earth's  atmosphere,  and  will  then,  or  even  l>cfore  then,  <'omo  under  the 
influence  of  the  earth's  magnetic  field.  The  corpuscles  wheo  in  such 
a  field  will  descril»e  spirals  round  the  lines  of  m^netic  force.  As  the 
radii  of  these  spirals  will  be  small,  compared  with  the  height  of  the 
atmosphere,  we  may  for  out  present  purpose  suppose  that  they  travel 
along  the  lines  of  the  earth's  magnetic  force.  Thus,  the  corpuscles 
which  strike  the  earth's  atmosphere  near  the  equatorial  regions,  where 
the  lines  of  magnetic  force  are  horizontal,  will  travel  horizontally,  and 
will  thus  remain  at  the  top  of  the  atmosphere  where  the  density  is  so 
small  that  but  little  luminosity  is  caused  by  the  passage  of  the  cor- 
puscles through  the  gas.  As  the  corpuHcies  travel  into  higher  lati- 
tudes, where  the  lines  of  magnetic  force  dip,  they  follow  these  lines  and 
descend  into  the  lower  and  denser  parts  of  the  atmosphere,  whore  they 
produce  luminosity,  which,  on  this  view,  is  the  aurora. 

As  Arrhenius  has  pointed  out,  the  intensity  of  the  aurora  ought  to 
be  a  maximum  at  some  latitude  intermediate  l>ctween  the  pole  and  the 
equator,  for,  though  in  the  ctjuatoriai  regions  the  rain  of  corpuscles 
f I'om  the  sun  is  greatest,  the  earth's  magnetic  force  keeps  these  in 
such  highly  rarefied  gas  that  they  produce  but  little  luminosity,  while 
at  the  pi>lo,  where  the  magnetic  force  would  pull  them  straight  down 
into  the  denser  air,  there  are  not  nearly  so  many  corpuscles;  the 
maximum  luminosity  will,  therefore,  lie  somewhere  between  these 
places.  Arrhcnius  has  worked  out  this  theory  of  the  aurora  very 
completely,  and  has  shown  that  it  affords  a  very  satisfactory  explana- 
tion of  the  various  periodic  variations  to  which  it  is  subject. 

As  a  gas  becomes  a  conductor  of  electricity  when  corpuscles  pass 
through  it,  the  upper  regions  of  the  air  will  conduct,  and  when  air 
currents  occur  in  these  regions,  conducting  matter  will  be  driven  across 
the  lines  of  force,  due  to  the  earth's  magnetic  field,  electric  currents 
will  be  induced  in  the  air,  and  the  magnetic  force  due  to  these  currents 
will  produce  variations  '■■  *' t,h"s  magnetic  field.     Balfour  Stewwt 
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suggested  long  ago  that  the  variation  on  the  carthV  magnetic  field  was 
caused  by  currents  in  the  upper  regions  of  the  atmosphere,  and  Schus- 
ter has  shown,  by  the  application  of  Gauss's  method,  that  the  scat  of 
these  variations  is  above  the  surface  of  the  earth. 

The  negative  charge  in  the  earth's  atmosphere  will  not  increase  indefi- 
nitely in  consequence  of  the  stream  of  negatively  electrified  coi'puscles 
coming  into  it  from  the  sun,  for  as  soon  as  it  gets  negatively  electrified 
it  begins  to  repel  negatively  electrified  corpuscles  from  the  ionized 
gas  in  the  upper  regions  of  the  air,  and  a  state  of  equilibrium  will  be 
reached  when  the  earth  has  such  a  negative  charge  that  the  coi-puscles 
driven  by  it  from  the  upper  regions  of  the  atmosphere  are  equal  in 
number  to  those  reaching  the  earth  from  the  sun.  Thus,  on  this  view, 
interplanetary  space  is  thronged  with  corpuscular  traffic;,  rapidly  mov- 
ing corpuscles  coming  out  from  the  sun  while  more  slowly  moving 
ones  stream  into  it. 

In  the  case  of  a  planet  which,  like  the  moon,  has  no  atmosphere, 
there  will  be  no  gas  for  the  corpuscles  to  ionize,  and  the  negative  elec- 
trification will  increase  until  it  is  so  intense  that  the  repulsion  exerted 
by  it  on  the  corpuscles  ia  great  enough  to  pi-evcnt  them  from  reaching 
the  f^ui-face  of  the  planet. 

Arrhenius  has  suggested  that  the  luminosity  of  nebula  may  not  be 
due  to  high  temperature,  but  may  be  produced  by  the  passage  through 
their  outer  regions  of  the  corpuscles  wandering  about  in  space,  the 
gas  in  the  nebul»  being  quite  cold.  This  view  seems  in  some  respects 
to  have  advantages  over  that  which  supposes  the  nebulie  to  be  at  very 
high  temperatures.  These  and  other  illustrations,  which  might  be 
given  did  space  permit,  seem  to  render  it  probable  that  these  corpascles 
may  play  an  important  part  in  cosmical  as  well  as  in  terrestrial  physics. 
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THE  EXPLORATION  OF  THE  ATMOSPHERE  AT  SEA  BY 

MEANS  OF  KITES. 


By  A,  Lawrence  Rotch. 
Director  of  Blue  Hill  Meteorological  Obtervalory. 


The  method  of  obtaining  meteoroloffical  observationa  with  kites  at 
Blue  Hill  Observatory  has  licen  fully  described  in  appendixes  to  the 
Smithsonian  Reports  for  1897  and  1900,  and  it  will  Buffice  to  say,  there- 
fore, that  during  the  past  seven  years  several  hundred  records  of  the 
conditions  prevailing  in  the  free  air  have  been  brought  down  from  an 
extreme  height  of  3  miles.  These  observations  have  been  obtained  in 
almost  all  weather  conditions  when  the  velocity  of  the  wind  at  the 
ground  was  between  12  and  35  miles  an  iiour.  Certain  types  of  weather, 
technically  known  as  anticyclones,  and  which  are  characterized  by  a 
high  barometric  pressure  and  light  winds,  can  therefore  rarely  be 
studied  aloft,  although  it  is  sometimes  possible  to  send  up  the  kites  in 
advance  of  these  conditions  and  to  descend  in  the  central  calm  area. 
Often  while  there  is  sufficient  wind  near  the  ground,  it  fails  entirely 
at  about  a  mile  altitude,  near  the  cumulus  clouds,  and  thus  the  kites 
are  prevented  from  rising  higher,  although  at  a  greater  height  there  is 
almost  always  a  strong  wind.  It  is  usually  impossible  to  launch  the 
kites  during  the  strong  gales  that  attend  the  coming  on  and  passing  otT 
of  deep  cyclonic  disturbances. 

As  mentioned  in  my  last  paper,  the  United  States  Weather  Bureau 
undertook  during  the  summer  of  1898  to  obtain  observations  with  kites 
simultaneously  at  a  number  of  places  in  the  central  part  of  the  coun- 
try, but,  as  the  light  winds  prevented  flights  from  being  made  regu- 
larly at  all  the  stations,  the  experiment  was  abandoned.  About  the 
same  time  the  employment  of  kites  for  meteorological  research  was 
taken  up  on  the  Continent  of  Europe,  and  this  work  has  twen  most 
successfully  carried  out  at  the  private  observatory  of  M.  Teisserenc 
de  Bort,  near  Paris,  and  at  the  Aeronautical  ObseiTatory  of  the  Royal 
Prussian  Meteorological  Institute,  near  Berlin,  which  is  at  the  present 
time  the  most  completely  equipped  establishment  of  the  kind  in  the 
world.  The  systematic  exploration  of  the  atmosphere  above  the  Con- 
tinent of  Europe  has  been  in  progress  for  several  years  through  the 
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cooperation  of  &a  international  committee.  Balloons  with  aeronauts 
and  balloons  carrying  only  self-recording  instruments  to  still  greater 
heights  ascend  on  a  certain  day  each  month  in  France,  Germany,  Aus- 
tria, and  Russia,  while  kites  supply  the  observations  nearer  the  ground. 
It  frequently  happens,  however,  that  on  the  appointed  day  the  wind  at 
the  ground  is  in»uflicient  to  raise  the  kites,  although  the  balloonsdrift 
with  the  upper  curi'ent^  to  great  distances. 

While,  from  what  pi'ecedcs,  it  is  evident  that  the  use  of  kites  on 
land  baa  hitherto  been  limited  to  favorable  circumstances,  yet,  by  the 
simple  expedient  of  installing  the  kites  on  board  a  steamship,  kites 
may  not  only  be  flown  during  calms  and  gales,  but  also  in  places  above 
which  no  observations  have  been  pos.sible  heretofore.  Except  in  very 
bad  weather  kites  can  always  be  flown  from  either  a  stationary  or  a 
moving  ship,  since,  when  the  air  is  calm,  by  .'^teaming  through  it  at  a 
speed  of  10  oi"  12  knots,  the  kites  can  be  raised  to  the  height  that  they 
would  reach  in  the  most  favorable  natural  wind,  and,  on  the  contrary, 
the  foi'ce  of  -strong  winds  can  be  reduced  in  the  same  proportion  if  the 
vessel  moves  with  the  wind.  In  the  case  mentioned,  when  the  wind 
fails  at  a  certain  height,  the  motion  of  the  vessel  will  suffice  to  pull  the 
kites  through  this  calm  zone  and  into  the  stronger  upper  cuirent  that 
usually  suffices  to  lift  them  still  higher.  Thus  kites  can  be  flown  on 
l>oard  a  steamer  under  almast  all  conditions,  and  more  easily  than  on 
land,  since  the  steadier  winds  at  seji,  especially  the  wind  artificially 
created,  facilitate  launching  tbem.  Steam  power  is  always  available 
to  operate  the  kite  winch,  and  the  wire  from  it  may  be  led  over  a 
pulley  on  a  yard-arm  capable  of  being  turned  so  as  to  bring  the  kites 
clear  of  the  rigging,  ete.  Wherever  these  observations  in  the  upper 
ai  r  may  be  made,  there  is  always  a  station  at  sea  level,  and  not  far  dis- 
tant horizontally,  with  which  to  compare  them. 

To  te^t  the  pra('ti(»bility  of  this  method  of  flying  kites,  experiments 
were  undertaken  on  August  U2,  1901,  with  the  aid  of  my  assistants, 
Messrs.  Fergusson  and  Sweetland,  upon  a  towboat  chartei-ed  for  this 
purpose  to  cruise  in  Massachusetts  Bay.  Antioyclonic  weather  condi- 
tions prevailed,  and  a  southeast  wind  blew  from  6  to  10  miles  an  hour, 
but  at  no  time  with  sufficient  velocity  to  elevate  the  kites,  either  from 
sea  level  or  from  the  adjacent  Blue  Hill.  With  the  boat  moving  10 
miles  an  hour  toward  the  wind,  and  within  an  angle  of  45^  on  either 
side  of  its  mean  direction,  the  resultant  wind  easily  lifted  the  kites 
and  meteorogi-aph,  with  3,600  feet  of  wire,  to  the  height  of  half  a 
mile.  In  Plate  I,  figures  1^  2,  and  Plate  II,  figure  3,  show,  respec- 
tively, the  meteorograph  supported  by  the  kite,  a  nearer  view  of  the 
kite,  and  the  hand  reel  and  meteorograph  on  deck. 

While  it  is  desirable  to  have  a  vessel  that  can  be  started,  stopped, 
and  turned  at  the  will  of  the  meteorologist,  as  was  the  case  in  the 
experiments  described,  it  seemed  nevertheless  probable  tJiat  soui 
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of  the  atmosphere  could  often  be  made  from  a  steamship  pursuing  its 
regular  course,  and  accordingly  such  were  attempted  on  a  steamer 
eastward  bound  across  the  North  Atlantic.  With  the  aid  of  my  assist- 
ant, Mr.  Sweetland,  and  through  the  court«sy  of  Captain  McAutey, 
this  was  accomplished  on  board  the  Dominion  steamship  Com-numwealth, 
which  left  Boston  for  Liverpool  on  August  28,  1901,  A  view  of  the 
stem  of  the  ship,  with  the  upper  deck  from  which  the  kites  were 
flown  is  shown  in  Plate  II,  figure  4.  During  most  of  the  voy^^e 
we  were  within  an  area  of  high  barometric  pressure  that  was 
drifting  slowlj'  southeastward  and  out  of  which  light  winds  blew. 
Although  these  were  insufficient  to  raise  the  kites,  the  ship'^  speed  of 
16  knots  created  a  corresponding  wind  from  an  easterly  direction  that 
sufficed  to  lift  the  kites  on  five  of  the  eight  days  occupied  by  the  voyage 
to  Queenstown.  On  one  of  the  three  unfavorable  days,  a  following 
wind  became  too  light  on  the  ship  for  kiteflying,  and  on  the  two  other 
days  a  fresh  head  wind,  augmented  by  the  forward  motion  of  the  ship, 
was  so  strong  as  to  endanger  the  kites,  but  had  it  been  possible  to  alter 
the  course  of  the  vessel  a  favorable  resultant  wind  might  have  been 
produced  every  day.  The  maximum  height  attained  was  onlj'  atraut 
2,000  feet,  but  with  larger  kites  and  longer  wire  this  could  have  l>een 
greatly  exceeded.  Automatic  records  were  obtained  of  barometric 
pressure,  air  temperature,  relative  humidity,  arid  wind  velocity,  which 
did  not  diflor  markedly  from  lecords  obtained  in  somewhat  analogous 
weather  conditions  over  the  land.  The  most  striking  feature  was  the 
rapid  decrease  of  the  tenipei-ature  with  increasing  height  in  all  but  one 
'  of  the  flights.  The  fall  of  temperature  was  fastest  in  the  first  3*XI  feet, 
where  it  exceeded  the  adiabatic  rate  of  1°  F.  in  183  feet,  but  in  the 
last- mentioned  flight  the  temperature  rose  6°  in  450  feet,  and  during 
the  afternoon  remained  so  much  warmer  than  at  sea  level.  The  rela- 
tive humidity  varied  inversely  with  the  temperature,  the  direction  of 
the  wind  shifted  aloft  toward  the  right  hand  when  facing  it,  and  its 
velocity  generally  increased  with  increase  of  altitude.  The  direction 
and  velocity  of  the  wind  aloft  were  computed  from  the  observed 
position  of  the  kite  and  the  recorded  velocity  of  the  wind  at  this  level, 
allowing  for  the  speed  at  which  the  kite  was  being  di-agged  through 
the  air  by  tlio  vessel.  Simultaneoua  i-ecords  were  obtained  from  a 
meteorograph  hung  above  the  deck,  with  which  the  upper-air  records 
were  compared. 

Those  are  probably  the  first  meteorological  observations  at  a  con- 
siderable height  in  mid-Atlantic,  and  have  a  special  importance,  because 
they  indicate  that  at  sea  high-level  observations  may  be  obtained  with 
kites  in  all  weather  conditions,  only  excepting  severe  gales,  provided 
the  steamer  from  which  the  kites  are  flown  can  be  so  maneuvered  as 
to  bring  the  wind  to  a  suitable  velocity.  It  is  evident  that  such  obser- 
vations as  have  been  described,  even  If  made  like  the  preceding,  only  Mc 
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when  the  conditions  were  favorabie,  would  go  far  toward  showing 
whether  the  conditions  prevailing  over  the  ocean  differ  from  those 
aliove  the  land,  and  would  also  furnish  information  about  the  upper 
air  in  atmospheric  situations  that  can  not  be  explored  with  kites  at  a 
fixed  station.  So  far  as  known,  meteorological  records  had  not  been 
obtained  before  last  summer  from  kites  flown  from  a  moving  vessel, 
although  during  the  tirst  half  of  the  last  century  registering  thermom- 
eters were  lifted  by  kites  several  hundred  feet  above  the  Arctic 
ocean,  when  the  vessel  was  fast  in  the  ice.  The  (ierman  Antarctic 
vessel  Gauss  and  the  Discovery  of  the  English  Antarctic  expedition 
are  each  equipped  with  meteorological  kites,  which  were  to  be  used  on 
the  Southern  voy^es  commenced  in  August,  1901,  but  it  is  to  be 
feared  that  this  branch  of  the  meteorolt^cal  work,  being  subordinate 
to  the  main  aims  of  the  expeditions,  will  always  be  sacrificed  to  them. 
In  any  case,  it  must  be  remembered  that  scientific  kiteflying  demand.s 
practiced  and  skillful  operators,  and  without  them  and  much  reserve 
apparatus  must  yield  mediocre  results.  To  make  these  observations 
properly  requires  that  the  vessel  be  completely  under  the  control  of 
the  meteorologist,  who  may  then  explore  the  heights  of  the  atmos- 
phere, just  as  the  hydrographer  and  zoologist  have  explored  the  depths 
of  the  ocean.  Had  the  British  C'/iall«nger  expedition  been  provided 
with  our  modern  kite  apparatus  and  accompanied  by  meteorologists 
trained  in  their  use,  it  might  have  accomplished  the  double  task  of 
sounding  the  oceans  of  air  and  water. 

Although  observations  above  all  the  oceans  are  valuable,  the  explo- 
ration of  the  equatorial  region  is  the  most  important,  since,  with  the 
exception  of  a  few  observations  on  the  Andes  and  on  mountains  in 
central  Africa,  we  know  nothing  of  the  thermal  conditions  existing  a 
mile  or  two  above  the  equator,  and  only  what  the  clouds  tell  us  of  the 
currents  in  which  they  float.  The  need  of  such  data  to  complete  our 
theories  of  the  thermodynamics  of  the  atmosphere  was  urged  by  Pro- 
fessor Woeikof ,  of  St.  Petersburg,  at  the  Meteorological  Congress  of 
IWX)  in  Paris.  North  and  south  of  the  equator,  within  the  trade-wind 
belts,  kites  might  be  employed  to  determine  the  height  to  which  tbe 
trades  extend,  and  also  the  direction  and  strength  of  the  upper  winds, 
concerning  which  the  high  clouds,  rarely  seen  in  those  latitudes,  fur- 
nish our  only  information.  Professor  Hildebrandsson,  of  Upsala,  who 
is  an  eminent  authority  on  the  circulation  of  the  atmosphere,  believes 
that  a  meteorologist  on  a  steamship  provided  with  kites,  and  also  with 
small  balloons  to  ascertain  the  drift  of  tbe  upper  winds  when  there  are 
no  clouds,  by  making  atmospheric  soundings  between  the  area  of  high 
barometric  pressure  in  the  North  Atlantic  and  the  constant  southeast 
trades  south  of  the  equator,  and  in  this  way  investigating  the  temper- 
ature and  flow  of  the  so-called  anti-trades  above  the  surface  winds, 
could  solve  in  three  months  one  of  the  most  important  problems  in 
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By  James  Dewar,  F,  R.  S. 


Before  proceeding  to  discuss  the  imiiiediate  suhjcrt  of  this  lecture 
it  will  be  advisable  to  contrast  expeiiuieiitally  some  of  the  properties 
of  hydrogen,  nitrogen,  and  oxygen  in  the  liquid  condition.  The  two 
vacuum  cups  (figs.  1  and  2)  are  charged  half  full,  respectively,  with 
liquid  hydrogen  and  liquid  air.  When  the  cup  containing  the  liquid 
air  is  placed  in  front  of  the  electric  lamp  the  image  thrown  on  the 
screen  revealw  the  continual  overflow  of  a  dense  vapor  round  the  outer 
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walls  of  the  vessel.  The  saturated  vapor  coming  from  the  steady 
cbidlition  of  liquid  air  la  three  timet^  denser  than  the  free  air  of  the 
room,  and  the  result  is  it  falls  through  that  air  just  as  if  it  were  a 
dense  gas,  like  carbonic  acid  or  ether  vapor.  To  obseiTe  this  phenom- 
enon, the  vacuum  cup  must  lie  shallow;  otherwise  the  vapor  gets 
heated  up  before  reaching  the  mouth  of  the  ves.sci,  and  no  difference 
of  density  in  the  air  coming  off  is  observed.     We  will  now  project  the 
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iraap^  of  the  cup  containing  liquid  hydrogen,  covered  loosely  in  thi-s 
caae  with  a  glass  plato,  upou  the  screen;  here  do  heavy  vapor  escaping 
round  the  sides  is  visible.  The  vapor  of  the  boiling  liquid  hydrogen 
has  a  density  nearly  equal  to  the  air  of  the  room,  but  as  it  gets  very 
rapidly  heated  up  by  the  glass  cover  the  gas  that  is  escaping  is  seen  to 
rise  in  air  like  any  light  gas.  On  now  removing  the  glass  plate  a  ver^' 
dilTerent  phenomenon  is  observed,  which  contrasts  markedly  with  the 
l>ehavior  of  the  liquid  air  in  the  former  vessel.  The  rup  and  the  air 
above  is  filled  with  a  dense  surging  snowstorm  of  solid  air;  the 
air,  coming  in  contact  with  the  excessively  cold  hydrc^en  vapor,  is 
suddenly  solidified,  and  a  part  of  it  falls  into  the  liquid  hydrogen, 
causing  more  rapid  evaporation,  thereby  intensifying  the  cloud  con- 
densation. After  the  mist  has  disappeared  and  all  the  liquid  hydr(^Q 
gone  the  cup  contaitis  a  white  deposit  of  solid  air.  This  shortly  melts, 
and  on  allowing  the  nitrogen  to  boil  off,  the  presence  of  oxygen  can  be 
shown  by  the  ignition  of  a  red-hot  splinter  of  wood.  Such  effects  are 
easily  understood  when  we  remember  that  the  boiling  point  of  hydro- 
gen is  proportionally  as  much  below  the  boiling  point  of  air  as  the 
latter  is  below  the  ordinary  temperature  of  this  room. 

In  order  to  ol^erve  the  individual  behavior  of  the  constituents  of 
the  air  at  temperatures  below  their  ordinary  boiling  points,  it  Is 
advantageous  to  place  liquid  nitrogen  and  oxygen  in  separate  vacuum 
vessels,  so  connected  that  they  may  t>e  simultaneously  exhausted,  as  is 
represented  in  fig.  4.  On  starting  the  air  pump  both  liquids  enter 
into  rapid  ebullition.  As  the  exhaustion  gets  higher  the  temperature 
of  each  liquid  gets  lower  and  lower,  and  if  the  melting  point  is  finally 
reached  in  cither  liquid  it  must  shortij'  begin  to  solidify.  This  condi- 
tion is  quickly  brought  about  in  the  case  of  the  vessel  A,  containing 
the  liquid  nitrogen,  which  pa.'sses  rapidly  into  the  condition  of  a  dense 
white  snow;  but  no  amount  of  time  spent  in  maintaining  a  good 
exhaustion  (5  to  10  millimeters  pressure)  has  any  effect  in  changing  the 
liquid  condition  of  the  oxygen  In  B.  Oxygen  in  fact  remains  liquidat 
temperatures  where  nitrogen  is  solid.  The  snow  of  solid  air  produced 
by  the  evaporation  of  liquid  hydrogen  In  the  previous  experiment 
might  thus  be  made  up  of  solid  nitrogen  and  a  liquid  rain  of  oxygen. 
To  show  that  the  temperature  of  boiling  hydrogen  solidities  oxygen, 
some  of  the  latter  liquid  is  placed  in  a  vacuum  test  tube  O  (fig.  3)  and 
liquid  hydrogen  H  is  poured  on  its  surface,  when  the  liquid  oxygen 
is  quickly  transformed  into  a  clear  blue  solid  ice.  Both  oxygen  and 
nitrogen,  and  we  shall  see  later  hydrogen,  can  be  changed  into  the  con- 
dition of  transparent  ice  as  well  as  into  the  snowy  state.  A  closed 
vessel  tilled  with  any  gas  at  atmospheric  pressure,  of  such  a  form  that 
a  portion  of  the  surface  in  the  sliape  of  a  narrow  quill  tube,  can  be 
cooled  in  boiling  liquid  hydrogen  like  B,  fig.  5,  shows  condensation  of 
the  gas  to  the  solid  state,  the  only  exceptions  being  helium  and  hydro- 
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gen  itself.  Here  are  two  vessels  of  the  same  shnpo  as  A,  B,  tig.  5. 
The  first  contaiiiH  helium,  showing  no  condensation  when  the  part  B 
is  cooled;  the  second  is  filled  with  hydrogen,  which  equally  shows  no 
change  of  state  under  the  conditions  of  the  experiment.  It  is  easy, 
however,  to  make  the  hydrogen  vessel  show  liquefaction.  For  this 
purpose  the  experiment  with  the  hydr<^en  is  repeated,  only  before 
doing  so  the  part  A  is  heated  to  about  SOd-"  C.  over  a  Bunscn  burner, 
in  order  to  increase  the  pressure  of  gas  in  the  interior  to  above  two 


atmospheres.  Now,  liquefaction  is  seen  to  take  place  with  great 
facility.  No  change  is  produced  by  similarly  increasing  the  pressure 
in  the  helium  vessel. 

The  extraordinary  command  liquid  hydrogen  gives  us  over  the 
transition  of  state  in  matter  may  be  twst  illusti-ated  by  the  use  of  a  new 
kind  of  cryophorus.  Wollaston's  celebrated  instrument  operates  by 
forcing  the  evaporation  of  water  in  a  closed  vessel  by  condensing  its 
vapor  in  a  part  of  the  receiver  at  a  distance  from  the  fluid,  thereby 
causing  a  lowering  of  temperature  in  the  latter  until  freezing  takes 
place.  Hence,  the  name  cryophorus  or  cold-bearer.  Instead  of  using 
water  we  may  now  show  that  the  same  principle  may  be  applied  to  the 
solidification  of  nitr<^en  at  a  distance  instead  of  water.  The  sole  dif- 
ference in  this  case  is  that  the  liquid  nitrogen  must  be  isolatetl  fry^  > 
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the  influx  of  heat  by  being  placed  in  a  vacuum  vessel,  and  the  condeo- 
sation  of  its  vapor  must  be  effected  by  the  use  of  liquid  hydrogen. 

No  boiling-out  operation  is  necessary  with  the  cryophorous  we  are 
about  to  use.  The  apparatus  is  shown  in  iig.  6.  The  vacuum  tube  B 
contains  liquid  nitrogen.  It  in  fitted  on  by  an  india  rubber  joint  to 
a  wide  piece  of  glass  tubing  doubly  bent  at  right  angles,  A  D;  and 
in  order  to  allow  the  gas  from  the  boiling  liquid  to  escape  before  the 


experiment  begins,  an  aperture,  C,  is  left  which  can  lie  closed  with 
a  stopcock.  On  closing  C  and  inserting  a  part  of  the  tube  A  into  a 
vessel  containing  liquid  hydrogen,  the  gas  within  Is  condensed,  and 
thei-eby  the  pre-ssure  of  the  vapor  in  the  interior  of  the  vessel  is 
reduced,  forcing  the  liquid  nitrogen  in  the  other  part  of  the  apparatus 
to  boil  with  gi-eat  violence.  In  a  few  niinut'.'s  the  temperature  of  the 
nitrogen  is  so  much  reduced  that  it  [Hisses  into  the  solid  state.     Many 
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other  liquid  gases  might  be  used  to  replace  the  nitrogen  in  this  experi- 
ment. In  mftking  a  election,  however,  it  is  necessary  to  tatie  only 
those  bodies  that  possess  a  reasonably  high  tension  of  vapor  at  the 
melting  point.  The  process  would  not  succeed  easily  with  a  substance 
like  oxygen,  that  has  no  uieasumble  tension  of  vapor  in  the  solid 
condition. 

In  the  autumn  of  1898,  after  the  pi-oduction  of  liquid  hydrogen 
was  possible  on  a  small  scale,  its  solidification  was  attempted  by  boil- 
ing under  reduced  pressure.  At  this  time,  to  make  the  isolation  of 
the  hydr<^n  as  effective  as  possible,  the  liquid  was  placed  in  a  small 
vacuum  test-tube,  placed  in  a  larger  vessel  of  the  same  kind. 
Excess  of  hydrogen  partly  filled  the  annular  space  between  the  two 
vacuum  vessels.  On  diminishing  the  pressure  by  exhaustion  the 
evaporation  was  mainly  thrown  on  the  liquid  hydrogen  in  the  annular 
space  between  the  tubes.  In  this  arrangement  the  outside  surface  of 
the  smaller  tube  was  kept  at  the  same  temperature  as  the  inside,  so 
that  the  liquid  hydrogen  for-  the  time  was  effectually  guarded  from 
influx  of  heat.  With  such  a  combination  the  liquid  hydrogen  was 
evaporated  under  diminished  pressure,  yet  no  solidification  took  place. 
Seeing  experiments  of  this  kind  required  a  large  supply  of  the  liquid, 
other  problems  were  attacked,  and  further  attempts  in  the  direction 
of  producing  the  solid  for  the  time  abandoned.  During  the  course  of 
the  present  year  many  varieties  of  electric  resistance  thermometera 
have  been  under  observation,  and  with  some  of  these  the  reduction  of 
temperature  brought  about  by  exhaustion  was  investigated.  Thei- 
mometers  constructed  of  platinum  and  platinum-rhodium  (alloy)  were 
only  lowered  H^  C.  by  exhaustion  of  the  liquid  hydrogen,  and  they 
all  gave  a  boiling-point  of  —245^  C,  whereas  the  reduction  in  tem- 
perature by  evaporation  in  vacuo  ought  to  be  b"^  C,  and  the  true 
boiling-point  from  — 252-"  C.  to  —253*  0.  In  the  course  of  these 
experiments  it  was  noted  that  almost  invariably  a  slight  leak  of  air 
occurred  which  Iwcame  apparent  by  its  being  frozen  into  an  air-snow 
in  the  interior  of  the  vessel,  where  it  met  the  cold  vapor  of  hydrogen. 
When  conducting  wires  covered  with  silk  have  to  pas-s  through  India 
rubber  corks,  it  is  very  difficult  at  these  excessively  low  temperatures 
to  prevent  leaks,  when  corks  get  as  hard  as  a  stone  and  cements  cmck 
in  all  directions.  The  effect  of  this  slight  air  leak  on  the  liquid 
hydrogen  when  the  pressure  got  reduced  below  60  millimeters  was 
very  remarkahle,  as  it  suddenly  solidified  into  a  white  froth-like  mass 
like  frozen  foam.  My  first  notion  was  that  this  body  might  be  a  sponge 
of  solid  air  containing  liquid  hydrogen.  The  ordinary  solid  air  obtained 
by  evaporation  in  vacuo  is  a  magma  of  solid  nitrogen  containing  liquid 
oxygen.  The  fact,  however,  that  this  white  solid  froth  evaporated 
completely  at  the  low  pressure  without  leaving  any  substantial  amount 
of  solid  air  led  to  the  conclusion  that  the  body  after  all  must  be  solidi 
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hydroj^n.  This  surmise  was  I'onfirDied  hj'  observing  that  if  the  pres- 
sure, and  therefore  the  t^'niperature,  of  the  hydrogen  was  allowed  to 
rise,  the  solid  melted  when  the  pi-essure  reat-hed  about  55  millimeters. 
The  failure  of  the  early  experiment  must  then  have  been  due  to  super- 
cooling of  the  liquid,  which  presumably  is  prevented  by  contact  with 
metallic  wires  and  ti'aces  of  solid  air.  On  the  other  hand,  it  is  poissi- 
blc  the  pressure  under  which  the  ebullition  took  plaec  might  never 
have  l>een  low  enough  to  reach  the  solid  state. 

For  the  IcctiiTO  demonMtration  of  solid  hydrogen  the  apparatus  may 
be  most  conveniently  arranged  as  h  shown  in  fig.  7.  The  small  vacuum 
tube  B,  after  b«Miig  filled  with  liquid  hydrogen,  is  immersed  in  a  larger 
ves.<te1  of  the  same  kind  filled  with  Ii({uidair.  By  this  arrangement  the 
rate  of  the  liquid  hydrogen  evaporation  is  .so  much  diminished  that  it 
does  not  exceed  that  of  liquid  air  in  the  same  ves.sel  when  used  in  the 
oi-dinary  way.  On  gradually  applying  exhaustion  to  the  liquid  hydro- 
gen it  is  forced  from  its  effective  heat  isolation  to  pass  to  a  lower  tem- 
pei-ature,  and  when  the  exhaustion  reaches  50  millimeters  the  mass  sud- 
denly l>egins  to  solidify  into  a  froth-like  material.  In  oixler  to  ascertain 
the  appearance  of  the  hydrogen,  made  by  cooling  the  liquid  produced 
in  a  hermetically  closed  vessel,  the  following  experiment  was  arranged. 
A  flask  about  a  liter  capacity,  to  which  a  long  gla.ss  tube  was  sealed, 
A,  B,  fig.  5,  was  filled  with  pure  dry  hydrogen  and  sealed  off.  The 
lower  portion  B  of  this  tube  was  calibrated.  It  was  surrounded  with 
liquid  hydrogen  placed  in  a  vacuum  vessel  arranged  for  exhaustion. 
As  soon  as  the  pressure  of  the  boiling  hydrogen  got  well  reduced 
below  that  of  the  atmosphere,  perfectly  clear  liquid  hydrogen  began 
to  collect  in  the  tube  B,  and  could  be  observed  accumulating  until  the 
liquid  hydrogen  suri-ounding  the  outside  of  the  tul>o  suddenly  passed 
into  a  solid  white  foam-like  mass,  almost  filling  the  whole  space.  As 
it  was  not  possible  to  see  the  condition  of  the  hydrogen  in  the  interior 
of  the  tul>e  B  when  it  was  covered  with  a  large  quantity  of  this  solid, 
the  whole  apparatus  was  turned  upside  down  in  order  to  see  whether 
any  liquid  would  run  down  from  B  into  the  flask  A.  Liquid  did  not 
flow  down  the  tul>c,  so  the  liquid  hydrogen  with  which  the  tube  was 
partly  filled  must  have  solidified.  By  placing  a  strong  light  on  the  side 
of  the  vacuum  test  tube  opposite  the  eye,  and  maintaining  the  exhaus- 
tion at  about  25  millimeters  gi-adually  the  hydrogen  froth  Iwcanie  lejss 
opaque,  and  the  solid  hydrogen  in  the  tube  B  was  seen  to  l»e  a  trans- 
parent ice,  but  the  sui'face  looked  frothy.  This  fact  prevented  the 
solid  density  from  being  determined,  but  the  maximum  fluid  density 
has  been  approximately  ascertained.  This  was  found  to  be  0.086,  the 
liquid  at  its  boiling  point  having  the  density  0,07.  The  solid  hydro- 
gen melts  when  the  pressure  of  the  saturated  vapor  reaches  about  55 
millimeters.  In  oi-der  to  determine  the  temperature  of  solidification 
two  constant  volume  hydrogen  thermometers  were  used.     One  at  0°  C. 
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contAined  hydrogen  under  ft  pressure  of  269.8  millimeters,  and  the 
other  under  a  pressure  of  127  millimeters.  The  mean  temperature  of 
the  solid  was  found  to  be  16°  absolute  under  a  pi-essurc  of  35  milli- 
meters. All  the  attempts  made  to  get  an  accurate  electric  resistance 
thermometer  for  such  low  temi>erature  observations  have  been  so  far 
unsatisfactory.  Now  that  pure  helium  is  definitely  proved  to  be  more 
volatile  than  hydrogen,  thi:i  body,  after  passing  through  a  spiral  glass 
tube  immei'sed  in  solid  hydrogen  to  separate  all  other  gases,  must  be 
compared  with  the  hydrogen  thermometer.  Taking  the  boiling  point 
as  21°  absolute  under  760  millimeters,  and  the  similar  value  under  35 
millimeters  is  1Q°  absolute,  then  the  following  approximate  foitnula 
for  the  vapor  tension  of  liquid  hydrogen  below  one  atmosphere  is 
derived: 

log^=6.7341-83.28/T  mm., 

where  T  is  the  absolute  temperature,  and  p  the  pressure  in  millimeters. 
This  formula  gives  for  55  mm.  a  temperature  of  16.7°  absolute.  The 
melting  point  of  hydrogen  must  therefore  be  about  16"°  or  17°  abso- 
lute. It  has  to  be  noted  that  the  pressure  in  the  constant  volume 
hydrt^n  thermometer,  used  to  determine  the  tempei'ature  of  solid 
hydrogen  boiling  under  35  mm.,  had  been  so  far  reduced  that  the 
measurements  were  made  under  from  one-half  to  one-fourth  the 
saturation  pressure  for  the  temperature.  .When  the  same  thermom- 
eters were  used  to  determine  the  boiling  point  of  hydrogen  at  atmos- 
pheiic  pressure,  the  internal  gas  pressure  was  only  reducetl  to 
one-thiilcenth  the  saturation  pressure  for  the  temperatuio-s.  The 
absolute  accuracy  of  the  boiling  points  under  diminished  pressure 
must  be  examined  in  some  future  paper.  The  practical  limit  of  tem- 
perature we  can  command  by  the  evaporation  of  solid  hydrogen  is 
from  14°  to  15°  absolute.  In  passing  it  may  be  noted  that  the  critical 
tempei'ature  of  hydrogen  being  3U°  to  32°  absolute  the  melting  point 
is  about  half  the  critical  temperature.  The  melting  point  of  nitrogen 
is  also  about  half  its  critical  temperature.  The  foam-like  appearance  of 
the  solid,  when  produced  in  an  ordinary  viuiuum  vessel,  is  due  to  the 
small  density  of  the  liquid  and  the  fact  that  i-apid  ebullition  i.s  sub- 
stantially taking  place  in  the  whole  mass  of  liquid.  The  last  doubt  as 
to  the  possibility  of  solid  hydrogen  having  a  metallic  character  has 
been  removed  and  for  the  future  hydrogen  must  be  classed  among 
the  nonmetallic  elements. 

All  solid  bodies  by  themselves  make  very  unsatisfactory  cooling 
agents  unless  we  can  use  them  to  cool  some  liquid.  Now,  with  solid 
hydrogen  we  can  cool  no  liquid  other  than  hydrogen,  so  that,  for 
effective  cooling  we  must  use  the  liquid  just  above  its  freezing  point, 
which  is  about  16^.  It  will,  however,  take  a  long  time  to  exhaust  the 
wide  field  of  investigation  which  the  use  of  liquid  hydrogen  opens  up,, 
so  we  may  proceed  to  illustrate  some  of  itji  further  applications.  In''^ 
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foiiucr  lectures  the  relation  of  electrical  resistance  to  temperature  has 
been  discussed,  mid  it  was  exi>cri  mentally  demonstrated  thut  the  curves 
of  resistance  of  the  pure  metals  all  pointed  to  this  quality  disappear- 


ing  or  becoming  cxcoediiifj  small  at  the  absolute  zero.  This  fact  has 
b«en  confirmed,  even  with  the  most  highly  conducting  metals,  down 
to  the  lowest  temperature  we  can  command.  The  experiment  illus- 
trated in  fig.  9  shows  to  an  audience  the  diminution  of  resistance  of 
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pure  copper  wire  when  cooled  Id  liquid  hydrogen  in  contract  t^  liquid 
air.  Ad  incandeecent  lamp  C  has  been  placed  in  circuit  with  a  fine 
coil  of  copper  wire  A,  immersed  in  liquid  air,  the  resistances  )>eing  so 
adjusted  that  the  filament  in  C  is  just  visible  when  the  current  paases 
under  these  conditions.  Now,  on  removing  the  coil  from  the  liquid- 
air  vessel  and  placing  it  in  another  similar  vessel  tilled  with  liquid 
hydrogen,  a  gi-eat  increase  in  the  brilliancy  of  the  lamp  is  observed. 
As  a  matter  of  fact,  the  uample  of  copper  has  its  resistance  in  liijuid 
air  reduced  to  about  one-twentieth  of  what  it  is  at  the  temperature  of 
melting  ice,  whereas  in  liquid  hydrogen  the  reaistance  is  reduced  to 
one-hundredth  of  the  same  amount.  In  other  words,  the  rcNisUncc  in 
liquid  hydr<^n  is  only  about  one-tifth  of  what  it  is  in  liquid  air.  The 
interesting  point,  however,  is  that  theoretically  wc  should  infer, 
from  exj>eriment«  made  at  higher  temjieratureej,  that  at  a  temperature 
of  —223°  C  the  copper  should  have  no  reslHtance  or  it  should  have 
become  a  perfect  conductor.  As  this  is  not  the  case,  even  at  the 
temperature  of  —253^,  we  must  infer  that  the  curve  coreiating  resist- 
ance and  temperature  tends  to  become  asymptotic  at  the  lowest 
temperatures. 

LJquid  hydrogen  is  a  most  u.'ieful  agent  for  the  production  of  high 
vacua  and  for  the  separation  of  gases  from  air  that  may  be  more  vol- 
atile than  oxygen  or  nitrogen.  An  experiment  illustrating  the  pitKluc- 
tioD  of  a  high  vacuum  is  shown  in  fig.  10,  where  A  is  the  large  electric 
discharging  tube,  to  which  ha«  been  attached  a  narrow  glaj^s  tube  twice 
bent  at  right  angles  and  terminating  in  a  bulb  at  the  end  for  immer- 
sion in  the  liquid  hydr<^en.  The  rapidity  with  which  the  vacuum  is 
attained  is  shown  by  the  rate  at  which  the  striatton  in  the  tube 
changes  and  the  phosphorescent  state  supervenes.  Another  rough 
illustration  of  the  application  of  cold  to  effect  the  separation  of  a  com- 
plex mixture  of  gases  is  shown  in  fig.  8.  Coal  gas  is  passed  in  suc- 
cession through  the  U-tubes  F,  G,  and  H,  made  of  ordinary  gas-pipe, 
having  small  holes  at  B,  C,  B,  and  E,  in  order  that  a  flame  may  be 
produced  before  and  after  each  vessel  is  passed.  Each  of  the  U-tubes 
is  placed  in  a  vacuum  vessel,  and  the  first  cooling  substance  the  gas  in 
its  transit  meets  is  solid  carbonic  acid  in  F,  then  liquid  air  in  G,  and 
finally  liquid  hydrogen  in  H.  .  At  the  temperature  of  the  carbonic- 
acid  bath  all  the  easily  condensable  hydrocarbons  separate,  and  conse 
qently  the  flame  C  is  less  luminous  than  B.  The  liquid-air  bath  con- 
denses the  ethylene  and  a  large  part  of  the  marsh  gas  and  allows  the 
carbonic  oxide  and  the  hydrogen  to  pass  through,  so  that  flame  D  is  less 
luminous  than  C.  Finally,  after  the  liquid-hydrogen  bath,  nothing 
escapes  condensation  but  free  hydrogen,  the  carbonic  oxide  and  any 
marsh  gas  being  solidified;  the  result  is,  the  flame  E  is  almost  invisible. 

A  really  practical  application  of  liquid  hydrogen  is  the  purification 
of  helium  obtained  from  the  gases  emitted  by  the  mineral  springs  of 
Bath.     Although  the  helium  only  amounts  to  one-thousandth  part  by 
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volume — the  nine  hundred  and  ninety-nine  being  chiefly  nitrogen — yet 
the  low  temperature  method  of  separation  can  be  successfully  applied. 
Now  that  we  know  definitely  the  approximate  values  of  some  of  the 
more  important  physical  constants  of  liquid  bydr<^fen,  it  is  interesting 
to  look  back  at  the  values  that  have  been  deduced — say  for  such  a 
constant  as  the  density — by  various  workers  using  entirely  different 
methods.  The  following  table  gives  some  of  the  more  important 
values  of  the  density  of  hydrogen  under  the  different  conditions  in 
which  it  enters  into  organic  and  inoi^nic  bodies: 

Demily  o/  hydrogen  m  different  condiliont. 

Kopp Organic  bodies 0.18 

Ama^t Limit  of  f;aseoiiB  compreeeion 0.12 

Wroblewaki Van  der  Waals'n  equation  (critical  denait]') 0.027 

Van  der  Waals.  .Superior  limit  of  density 0.  S2 

Graham Palladium  alloy 2.0 

Dewar Palladium  alloy 0.63 

Dewar Liquid  hydrogen  at  boiling  point 0.07 

My  density  at  the  boiling  point  agrees  substantially  with  that  which 
can  be  deduced  from  Wroblewski's  form  of  the  Van  der  Waals  equa- 
tion. The  deduced  densities  of  Kopp  for  oiganiv  bodies  and  Amagat 
for  gaseous  compression  are  both  about  the  same  value,  and  may  be 
taken  as  a  mean  to  be  twice  the  observed  density  of  hydrogen  in  the 
liquid  state.  The  conclusions  of  Graham  and  myself  touching  the 
density  of  the  hydrogen  in  the  so-called  alloy  of  palladium,  must  be 
regarded  as  altogether  exceptional.  Even  my  value  would  exceed  the 
density  of  the  stuff  constituting  the  real  gas  molecule,  according  to 
the  theory  of  Van  der  Waals.  In  order  to  harmonize  the  palladium 
hydrogen  results  with  those  deduced  from  the  study  of  organic  bodies, 
we  must  assume  that,  during  the  formation  of  the  so-called  hydn^- 
nium,  a  condensation  of  the  palladium  sufficient  to  increase  its  density 
by  one-fifth  must  take  place.  This  is  by  no  means  an  unreasonable 
hypothesis.  The  mode  of  determining  the  density  of  hydrogen  at  ita 
melting  point  has  been  previously  described,  and  found  to  be  0.086. 
In  the  same  way  the  approximate  values  for  the  densities  of  nitrogen 
and  oxygen  at  their  melting  points  have  been  found,  tbetr  respective 
values  being  1.07  and  1.27.  The  following  table  shows  the  compari- 
son between  my  results  and  those  given  by  Amagat  for  high  gaseous 
compressions: 


asii 

pulnt. 

Ou,  8,000 

phereg. 

0.086 

0.097 
1.171 

0.13 

r  .ii    . 

y'^ 
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It  will  be  noted  that  the  density  of  gaseous  hydrogen  at  3,000  atmos- 
pheres is  actually  greater  than  the  maximum  density  of  the  liquid 
state,  but  neither  in  the  case  of  nitrogen  nor  oxygen  does  the  density 
at  the  same  pressure  reach  the  fluid  density.  Amagat's  limiting  value 
for  oxygen  under  4,000  atmospheres  would,  however,  be  almost  iden- 
tical with  mine. 

During  the  course  of  my  inquiries  sufficient  data  have  been  accumu- 
lated to  construct  Waterston  formulie  giving  the  approximate  densities 
of  liquid  hydrogen,  nitrt^en,  and  oxygen  in  each  case  through  a  wide 
range  of  temperature.  The  equation  for  each  substance  is  given  in  the 
following  table: 

Liquid  atomic  mltimet. 

Hydrogen  =  23.3-  8. 64  log  (32*'-() 
Nitrogen  =  30.0  -  11.00  log  (IZT'-I) 
Oxygen      =  32. 6  -  10. 22  log  ( 155=-( ) 


Absolute    Obwrved  U 
lero.      mellliiK  poll) 

=10.3         11.7 


1.  Atomic  volnme  of  hydrogen^ 

2.  Atomic  volnme  of  hydrogen/' 

3.  Atomic  volume  of  nitrogen    =12.  S         13.1 

4.  Atomic  volume  of  oxygen      =10.20       12.6 

From  these  formulte  we  find  the  respective  hypothetical  atomic  vol- 
umes of  hydr<^en,  nitrogen,  and  oxygen  at  the  absolute  zero  to  be 
10.3,  12.8,  and  10.2.  My  observed  minimum  fluid  values  were  11.7, 
13.1,  and  12.6.  The  coefficients  of  expansion  of  the  liquids,  taken  in 
the  same  order  at  their  respective  boiling  points,  are  0.024,  0.0056,  and 
0.0046.  Thus  liquid  hydrogen  had  a  coefficient  of  expansion  five  times 
greater  than  that  of  liquid  oxygen.  Further  inquiiy  will  enable  the 
constants  in  these  equations  to  be  determined  with  greater  accuracy. 
In  the  meantime,  however,  they  give  us  general  ideas  of  the  order  of 
m^nitude  of  the  quantities  involved. 

I  have  to  thank  Mr.  Robert  Lennox  for  efficient  aid  in  the  arrange- 
ment and  execution  of  the  difficult  experiments  you  have  witnessed. 
Mr.  Heath  has  also  heartily  assisted  in  the  preparations. 
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By  Robert  H.  Thurston,  LL.  1).,  Dr.  Eng., 

Diredur  n/ Sibiey  OMege,  CameU  VntiTrintij. 


Men  of  science,  familiar  with  the  rosoiiroes  of  our  globe  in  tbe 
domain  of  power  production  and  utilization,  and  especially  all  who 
have  con.sidcred  the  orif^n,  oxtoiit,  and  rate  of  extinction  of  the  quan- 
tities of  energy  available  for  the  purposes  of  civilized  humanity,  have, 
for  many  years,  conoerned  themselves  seriously  with  the  question, 
"  When  and  how  shall  wc  reach  and  pas.s  the  critical  period  at  which 
the  stores  of  now  available  latent  energy  of  fossil  fuel  shall  have 
become  exhausted  ? " 

While  this  problem  is  not  immediately  pressing,  it  can  not  be  long, 
time  Inking  gauged  by  the  periods  of  tbe  historian — it  is  atill  more 
limited  in  the  view  of  the  geologist — before  our  stock  of  coal  will  be 
so  far  depleted  as  to  make  serious  tTOuble  in  our  whole  social  system. 
Professor  Laslie,  when  State  ■geologist  of  Pennsylvania,  and  the  late 
Mr.  Eckley  B.  Cox,  estimated  the  probable  life  of  the  coal  supplies  of 
that  State,  at  the  present  rate  of  consumption  and  »<H'elerat!on,  to  be 
something  like  a  century,  and  the  close  of  tbe  twentieth  century  will 
be  very  likely  to  see  an  end  of  such  manufactures  in  that  State  as 
depend  upon  <'heap  fuel  and  proxiniitj'  to  the  coal  deposits.  In  Great 
Britain  the  case  Is  probably  vastly  more  serious  than  in  the  United 
States,  for  there  the  coal  beds  are  far  moie  restricted  in  area,  and  in 
many  localities  are  already  extensively  depleted,  with  prices  rising  as 
a  consequence.  The  same  is  to  be  said,  in  perhaps  somewhat  less 
degree,  of  the  fuels  of  the  continent  of  Europe — and  France,  and 
particularly  Germany,  may  ere  long  feel  the  effect  of  a  stringency  in 
the  fuel  market. 

Enormous  deposits  of  coal  remain  untouched  in  other  sections  of 
the  globe,  and  China  (^n  probably  supply  the  world  for  many  years; 
but  a  time  must  come,  and  that  within  a  few  genemtions  at  most,  when 
some  other  energy  than  that  of  combustion  of  fuel  nmst  be  relied 
upon  to  do  a  fair  share  of  the  work  of  the  civilized  world,  and  this 
will  probably  by  that  time  mean  the  whole  of  the  world. 

Water  power,  which  is  the  next  most  important  source  of  energy  in 
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tnanufactui-<>»,  will  do  much  for  us,  and  that  will  last  as  long  as 
humanity  sui>vivP3  on  this  globe;  but  it  is  doubtful  whether  it  can  be 
considered  ns  a  possible  complete  Bubstitut«  for  steam  power.  Yet 
the  total  available  water  power  of  the  world  will  greatly  ameliorate 
the  difficulties  likely  to  arise  from  extinction  of  fuel  supplies.  The 
mean  annual  rainfall  of  the  world  is  36  inches,  and  this  means  about 
50,000,000  cubic  feet  per  square  mile  per  annum  falling  on  the  land 
of  both  hemispheres.  Taking  the  mean  available  height  of  fall  as 
10  feet,  an(J  assuming  it  possible  to  store  the  water  effectively  in 
ample  reservoirs,  this  would  mean  600,000,000x60=30,000,000,000 
foot-pounds  of  available  energy,  and,  if  expended  in  three  thousand 
working  hours,  it  would  give  a  total  of  10,000,000  horsepower  per 
square  mile  for  such  countries  as  might  be  able  to  utilize  such  a  fall. 
This,  however,  is  but  a  small  fraction  of  the  inhabited  area  of  the 
globe.  As  a  fair  estimate,  the  data  for  the  Mississippi  River,  in  the 
United  States,  may  be  taken.  This  stream  drains  about  1,250,000 
square  miles,  with  a  rainfall  of  30  inches,  an  avei-age,  for  each  foot  of 
fall,  of  11,000,000,000,000  foot-pounds  per  annum.  The  fall  is  6 
inches  per  mile,  average,  and  the  energy  capable  of  use  for  that  area 
is  about  a  quarter  of  a  million  horsepower  per  square  mile. 

These  figures  are  enormous,  and  give  the  impression  that  we  need 
not  feel  uneasy  about  our  power  supply,  even  though  we  entirely  extin- 
guish our  fuel  deposits.  They  are,  however,  of  little  value;  for  they 
give  no  idea  of  the  practically  available  energy  of  rainfall,  since  it  is 
not  possible  to  make  use  of  more  than  a  minute  fraction  of  this  total, 
and  it  is  not  at  all  probable  that  we  ever  can.  In  the  whole  length  of 
the  Mississippi  River  there  are  but  three  available  water  powers — one 
with  78  feet  fall,  at  Minneapolis,  one  with  24  feet,  at  Des  Moines,  and 
one  with  23  feet,  at  Rock  Island.  Taking  the  average  flow  as  a  half 
million  cubic  feet  per  second  utilized,  the  water  powers  at  these  points 
would  be  a  total  of  about  7,000,000  horsepower  derived  from  an  area 
of  a  million  and  a  quarter  square  miles,  and  directly  from  but  a  frac- 
tion of  that  area,  situated  above  the  lowest  fall. 

The  deduction  must  evidently  be  that  water  power  alone  can  not  be 
depended  upon  to  provide  the  energy  that  will  be  needed  by  future 
generations  should  fuel  be  unavailable,  although  it  is  equally  obvious 
that  streams  arc  likely  to  provide  immense  quantities  of  power,  and 
that  manufactures  in  those  coming  days  will  group  themselves  about 
the  mill  sites  or  within  distances  from  them  which  can  be  spanned  by 
the  electric  high-tension  wire.  Of  this  process  of  displacement  of 
manufactures,  Niagara  and  Buffalo  are  already  giving  impressive  illus- 
trations. As  time  goes  on  the  part  to  \ie  taken  in  power  production 
by  waterfalls  will  become  increasingly  important.  It  is  already  vastly 
greater  and  more  important  economically  than  is  genei-ally  supposed. 
There  are  known  water  powers  in  the  United  States  able  to  furnish,  if 
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fully  utilized,  something  like  200,000,000  horsepower.  Niagara,  at  the 
falls  alone,  can  supply  between  4,000,000  and  5,000,000,  and  a  consid- 
erable additional  quantity  from  the  rapids  above  and  below  the  falls, 
and  numerous  other  water  powers  distributed  over  the  hilly  and  moun- 
tainous portions  of  the  country  will  in  time  no  doubt  become  centers 
of  power  production  and  distribution.  The  one  threatening  aspect  of 
the  hydraulic  power  problem  is  the  extreme  probability  that  the  con- 
tinued destruction  of  forests  and  vegetation  will  make  the  streams 
more  and  more  unreliable  for  continuous  supply. 

Wind  power  is  another  source  of  available  enei^y,  like  water  power, 
deriving  its '  origin  from  the  energy  of  the  sun's  rays,  which  may,  as 
time  goes  on,  provide  a  continually  larger  amount  of  utilizahle  energy 
for  the  use  of  mankind;  but  it  is  subject  even  in  greater  d^ree  than 
water  power  to  the  objection  that  it  is  variable  and  unreliable  for  steady 
work.  The  winds  are  continually  rising  and  falling.  "As  variable  as 
the  winds"  well  indicates  the  uncertainty  of  atmo.spheric  currents  as 
a  source  of  power  for  industrial  purposes.  Rising  to  a  gale  and  fall- 
ing to  a  calm,  altcniately,  the  portion  of  the  time  during  which  this 
power  is  actually  available  is  small,  and,  still  worse,  its  available  periods 
are  as  likely  to  come  at  unsuitable  hours  and  seasons  as  when  wanted. 
Thfti-e  is  ample  wind  power  for  all  purposes,  undoubtedly,  could  it  be 
regulated,  stored,  and  economically  availed  of;  but  while  no  one  can 
say  what  may  or  may  not  be  accomplished  by  the  coming  inventor, 
mechanic,  and  engineer,  it  does  not  seem  likely  that  this  particular 
problem  will  be  successfully  solved  even  under  the  stimulus  of  van- 
ishing fuel  supplies. 

Tidal  power  is  still  another  possible  source  of  industrial  energy,  and 
one  which  also  has  its  own  and  peculiar  difficulties  of  utilization.  It 
ia  a  regular  and  well-measured  and  well-known  quantity;  its  hours  of 
rise  and  fall,  and  the  heights  of  rise  and  fall  are  well  established.  But 
when  it  is  sought  to  design  a  system  of  utilization  that  shall  be  che^, 
practicable,  reliable,  and  compact— one  that  may  compete  with  other 
power  systems — it  is  found  to  be  a  very  difficult  and  for  the  time  at 
least  impracticable  system  of  power  production. 

At  the  moment,  engineers  and  men  of  science  are  studying  the  art 
of  reducing  to  harness  the  direct  rays  of  the  sun,  and  the  solar  engine 
is  exciting  special  interest.  It  is  no  novelty,  and  many  inventors  have, 
for  years  past,  workc<l  upon  this  attractive  problem;  but  probably  at 
no  time  in  the  past  has  this  matter  assumed  importance  to  so  many 
thoughtful  and  intelligent  men  or  excited  so  much  general  interest. 
John  Ericsson,  the  great  inventor  and  mechanic,  when  writing,  in 
1876,  the  gi-eat  quarto  volume  which  he  i  ntended  should  be  the  memorial 
of  his  life's  work,  devoted  a  very  large  proportion  of  its  space  to  the 
account  of  his  solar  engines  and  of  the  scientific  investigations  made 
in  the  course  of  his  work  for  the  purpose  of  ascertaining  the  amount 
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of  power  thus  derivable  from  the  direct  rays  of  the  sun.  His  appa- 
ratus waa  simple — merely  a  conical  mirror  or  reflector,  receiving 
the  heat  of  the  aun  on  aa  large  an  area  as  was  desired  and  was  found 
practicable,  and  directing  it  to  a  focus  where  was  placed  a  steam  boiler 
or  an  air  cylinder  within  which  the  fluid,  heated  to  a  high  temperature, 
became  available  for  use  in  a  steam  or  an  air  engine.  He  reported  the 
results  of  his  experiments  thus:* 

"It  has  already  been  stated  that  the  result  of  repeated  experiments 
with  the  concentration  apparatus  shows  that  it  abstracts  on  an  avei'age, 
during  nine  hours  a  day,  for  all  latitudes  between  the  equator  and 
45°,  fully  3.5  units  of  heat  per  minute  for  each  square  foot  of  area 
presented  perpendicularly  to  the  sun's  rays.  Theoretically  this  indi- 
cates the  development  of  an  energy  equal  to  8.2  horsepower  for  an 
area  of  100  square  feet.  On  grounds  before  explained,  our  calcula- 
tions of  the  capabilities  of  sun  power  to  actuate  machinery  will,  how- 
ever, be  based  on  1  horsepower  developed  for  100  square  feet  exposed 
to  solar  radiation.  The  isolated  districts  of  the  eartn's  surface  suffer- 
ing from  an  excess  of  solar  heat  being  very  numerous,  our  space  only 
admits  of  a  glance  at  the  sun-burnt  continents. 

"There  is  a  rainless  i-egion  extending  from  the  northwest  coast  of 
Africa  to  Mongolia,  9,000  miles  in  length  and  nearly  1,000  miles  wide. 
Besides  the  north  African  deserts,  this  region  includes  the  .southern 
coast  of  the  Mediterranean,  east  of  the  Gulf  of  Cabes,  Upper  Egj'pt, 
the  eastern  and  part  of  the  western  coast  of  the  Red  Sea,  paii  of  tSyna, 
the  eastern  part  of  the  countries  watered  by  the  Euphrates  and  Tigris, 
eastern  Arabia,  the  greater  part  of  Pereia,  the  extreme  western  part 
of  China,  Thibet,  and,  lastly,  Mongolia.  In  the  Western  Hemisphere, 
Lower  California,  the  table-land  of  Mexico  and  Guatemala,  and  the  west 
coast  of  South  America,  for  a  distance  of  more  than  2,000  miles,  suffer 
from  continuous  intense  radiant  heat. 

"Computations  of  the  solar  energy  wasted  on  the  vast  areas  thus 
specified  would  present  an  inconceivably  great  amount  of  dynamic  " 
force.  Let  us,  therefore,  merely  estimate  uie  mechanical  power  that 
would  result  from  utilizing  the  solar  heat  on  a  strip  of  land  a  single 
mile  in  width  along  the  rainless  westenj  coast  of  America,  the  south- 
ern coast  of  the  Mediterranean,  before  alluded  to;  both  sides  of  the 
alluvial  jjlain  of  the  Nile  in  Upper  Egypt,  both  sides  of  the  Euphrates 
and  Tigris  for  a  distance  of  400  miles  ai>ove  the  Persian  Gulf,  and, 
finally,  a  strip,  1  mile  wide,  along  the  rainless  portions  of  the  shores 
of  the  Bed  Sea,  before  pointed  out.  The  aggregate  length  of  these 
strifis  of  land,  selected  on  account  of  being  accessible  by  water  com- 
munication, far  exceeds  8,000  miles.  Adopting  the  stated  length  and  a 
width  of  1  mile  as  a  basis  of  computation,  it  will  be  seen  that  this 
very  narrow  belt  covers  223,000,000,000  square  feet.  Dividing  the 
latter  amount  by  the  area  of  100  square  feet  necessary  to  produce  1 
horsepower,  we  learn  that  22,300,0<K)  solar  engines,  each  of  100  horse- 
power, could  l»e  kept  in  constant  operation  nine  houi-s  a  day  by  utiliz- 
mg  only  that  heat  which  is  now  wasted  on  the  assumed  small  fraction 
of  land  extending  along  some  of  the  water  fronts  of  the  sun-burnt 
regions  of  the  earth. 
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"Due  consideration  can  not  &il  to  convince  us  that  the  rapid  ex- 
haostioD  of  the  European  coal  fiel(L«  will  soon  cause  great  changes 
with  reference  to  international  relations  in  favor  of  those  countries 
which  are  in  possession  of  continuous  sun  power.  U|jper  Ejrj'pt,  for 
instance,  will,  in  the  course  of  a  few  centuries,  derive  signal  advantage 
and  attain  a  high  political  position  on  account  of  her  perpetual  sun- 
shine and  the  consequent  command  of  unlimited  motive  force.  The 
time  will  come  when  Europe  must  stop  her  mills  for  want  of  coal. 
Upper  Egypt,  then,  with  her  never-ceasing  sun  power,  will  invite  the 
European  manufacturer  to  remove  his  machinery  and  erect  bis  milia 
CO  the  firm  ground  alon^  the  sides  of  the  alluvial  plain  of  the  Nile, 
where  an  amount  of  motive  power  may  be  obtained  many  times  greater 
than  that  now  employed  by  all  the  manufactories  of  Europe." 

The  probable  value  of  the  quantity  of  energy  transmitted  to  the 
earth  from  the  sun,  according  to  the  conclusion,  after  extended  inves- 
tigation of  the  late  Prof.  De  Volson  Wood,  the  greatest  of  American 
thermodrnamists  of  the  nineteenth  century,  is  not  far  from  that 
obtained  by  Ijangley — 133  foot-pounds  per  square  foot  of  receiving 
area  per  second,  about  133'550=0.34:  horsepower,  or  the  equivalent  of 
4  square  feet  per  horsepower.'  As  actually  utilized,  Ericsson 
reported  his  solar  engine  to  supply  a  horsepower  from  100  square 
feet  of  receiving  area,  on  a  bright,  clear  day,  and  other  experimen- 
talists, with  apparently  less  efficient  apparatus,  report  a  horsepower 
from  about  150  square  feet  in  sunshine. 

This  figure  is  confirmed  by  recent  experiments  at  Passadena,  Cal., 
where  it  is  said  that  the  efficiency  reached  by  Ericsson  has  in  some 
cases  been  attained.  The  California  apparatus  includes  a  truncated 
conical  mirror,  33  feet  6  inches  in  diameter  at  the  top  and  15  feet  at 
the  bottom,  which  concentrates  the  rays  of  the  sun  received  upon  its 
1,788  facets  at  a  focus  where  a  boiler  is  placed,  and  where  steam  is 
made,  to  operate  a  steam  engine  of  small  power.  The  whole  mass  of 
glass  and  iron  composing  the  mirror  is  moved  by  a  suitably  arranged 
clock,  and  is  automatically  held  with  its  axis  directed  toward  the  sun. 
The  boiler  is  carried  on  the  same  fmme  and  moves  with  the  mirror. 
It  is  13  feet  C>  inches  in  length,  and  contains  about  10  cubic  feet  of 
water  and  8  cubic  feet  of  steam  space.  The  steam  pressure  is  carried 
at  150  pounds  per  square  inch.  It  is  rated  at  10  horsepower.  This 
power  is  utilized  in  pumping  water,  but  the  reported  figures  are 
inconsistent  with  its  rating.  To  set  the  machine  in  operation  it  is 
only  necessary  to  turn  the  apparatus  by  hand  until  its  axis  points  at 
the  sun's  disk  and  to  set  the  clockwork  in  operation.  To  stop  it 
requires  simply  the  turning  of  the  mirror  away  from  the  sun  and  the 
stopping  of  the  machinery  which  adjusts  it. 

•Wood  employs  thb  value  in  hiaclasicand  remarkable  paper  "On  the  Luminif- 
erouB  Ether,"  the  first  rational  determination  of  the  physical  properties  of  the  ether, 
and  a  moat  important  and  impressive  vrork.  Phil.  Trans.  Magazine,  November, 
1&8&.    App.  to  Wood's  Thermodynamica;  N.  Y.,  1887.    J.  Wiley  &  Sons. 
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The  uncertainty  which  the  engineer  feel»  regarding  this  type  of 
motor  Is  due  lai^ly  to  the  difficulties  arising  from  the  fact  that  the 
sun  is  not  always  available,  even  by  day,  and  that  it  is  entirely  out  of 
reach  for  power  purposes  for  one-half  the  twenty-four  hours,  and  he 
has  as  yet  no  idea  of  practical  methods  of  storage,  either  of  the  heat 
or  the  power,  for  use  during  cloudy  periods,  hours,  days,  and  weeks 
even,  when  the  engine  can  not  be  kept  in  steady  operation.  It  is,  of 
course,  possible  that  much  improvement  may  be  effected  in  the  elec- 
tric storage  battery,  and  it  is  even  true  that  great  improvements  in 
that  precious  device  are  apparently  already  in  sight;  but  even  the 
ideal  and  perfect  battery,  could  it  be  realized,  would  probably  prove 
so  costly  and  so  enormous,  as  a  part  of  this  system  of  sun-power 
utilization,  as  to  make  its  use  practically  out  of  the  question  in  tem- 
perate regions  where  the  sky  is  overcast  so  often  that  not  over  one- 
half  the  direct  beat  of  the  sun  is  each  day,  on  the  average,  available, 
or  in  the  Tropics,  whei-e  the  rainy  season  makes  it  unavailable  for 
months  together.  Where,  as  may  occasionally  be  practicable,  storage 
may  be  effected  by  raising  water  into  extensive  and  elevated  reservoirs 
provided  by  nature,  this  difficulty  may  prove  less  serious;  but  such 
exceptional  advantages  of  location  can  not  be  i-elied  upon  for  any 
important  aid  in  securing  genei-al  utilization  of  the  solar  motor. 

For  necessarily  continuous  use  of  power  it  is  thus  evident  this  sys- 
tem gives  little  promise,  and  a  cotton  mill,  for  example,  that  must  go 
into  operation  only  when  the  nun  comes  out  from  behind  a  cloud  and 
go  out  of  action  the  instant  it  disappears  again  can  hardly  be  expected 
to  pay  dividends.  Water  power  must  be  its  reliance  when  coal  can 
not  be  emploj'ed,  rather  than  either  sun  power  or  wind  power,  and  its 
work  must  be  done  where  a  sufficient  amount  of  fall  and  flow  can  be 
had  to  meet  its  maximum  requirements,  even  at  the  periodof  minimum 
flow. 

The  availability  of  sunlight  and  heat  for  the  puiposes  of  the  engi- 
neer differs  greatly  in  different  places,  and  with  every  change  of  lati- 
tude, as  well  as  from  season  to  season.  This  vai'iability  is  an  enor- 
mous handicap  where  it  is  sought  to  employ  this  energy.  The  remark 
is  attributed  to  Professor  Langley  that  all  the  coal  <lepo9its  of  Penn- 
sylvania, if  burned  in  a  single  second,  would  not  liberate  a  thousandth 
part  as  much  heat  as  does  the  surface  of  the  sun  in  that  unit  of  time. 
Yet  it  is  evident  that  our  coal  deposits,  so  long  as  they  last,  are  worth 
moi'e  to  us  than  all  the  available  heat  of  the  sun. 

In  conclusion,  we  may  thus  make  the  following  deductions: 

The  lapid  and  rapidly  increasing  destruction  of  our  stores  of  mineral 
fuel  must,  sooner  or  later,  bring  us  to  a  point  at  which  it  will  be  no 
longer  possihle  to  derive  the  power  required  in  the  ails  from  that 
sou  ice. 

That  period  is  likely  to  be  ushered  in  before  many  generations,  and 
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is,  in  fact,  in  some  portions  of  the  world  Klready  presenting  its  pre- 
liminary symptoms— difficulty  in  mining  and  increased  price  of  the 
fuel  in  the  market,  as  well  as  the  expressed  anxiety  of  statesmen  guard- 
ing the  interests  of  the  great  manufacturing  districts  of  Europe. 

The  ultimate  outcome  must  be  the  gradual  extinction  of  our  fuel 
supplies,  and  if  no  substitute  can  be  devised  by  the  ingenuity  of  man, 
the  compulsory  retreat  of  the  civilized  i-aces  into  the  tropics,  and, 
even  there,  the  interruption  of  the  manufacturing  industries  on  the 
scale  necessary  to  the  maintenance  of  civilized  life  as  we  know  it 
to-day. 

While  it  may  be  true,  as  has  recently  been  estimated,  that  the  belt 
extending  thirty  degrees  on  either  side  of  the  equator  may  be  capable 
of  sustoining  a  population  of  ten  thousand  millions,  over  ten  times  the 
number  now  inhabiting  that  portion  of  the  globe,  such  a  population 
will  require  correspondingly  inci'eased  power  supplies,  if  it  is  to  be  a 
civilized  population  as  we  to-day  deline  the  word. 

The  available  sources  of  power  remaining  are  wind  and  water  power, 
and  the  utilization  of  the  energy  of  the  direct  rays  of  the  sun.  The 
last,  though  apparently  most  universally  available,  has  hitherto  been 
unused,  while  the  indirect  systems  of  employment  of  the  sun's  energy 
have  been  very  extensively  employed,  the  deduction  being  that  the 
former  process  presents  elements  of  peculiar  difficulty. 

Water  power  is,  to  date,  the  most  available,  and  the  common  substi- 
tute for  the  heat  engine.  When  the  existing  waterfalls  are  generally 
utilized,  they  will  go  far  toward  meeting  the  needs  of  the  race  in  power 
production,  and  the  coincident  use  of  the  electric  current  for  the  dis- 
tribution of  energy  from  its  source  is  now  making  this  element  of  the 
problem  far  more  promising  of  solution  than  previously.  Yet  it  is 
doubtful  whether  water  power  will  suffice  for  all  the  requirements  of 
later  generations,  even  though  the  usual  resultof  stimulated  brain  work, 
checking  of  the  growth  of  population,  should  hold  down  the  numbers 
of  the  human  race  to  something  like  those  of  the  present  time. 

Wind  power,  although  even  more  generally  distributed  than  water 
power,  is  subject  to  its  own  peculiar  disadvantages  for  our  purposes, 
and,  while  likely  to  come  more  and  more  into  use  for  purposes  like 
that  of  raising  water  to  higher  levels,  and  where  steadiness  and  con- 
tinuity of  action  are  not  important,  will  probably  be  found  in  great 
part  unavailable  for  lai'ge  powers  or  for  the  great  majority  of  uses 
which  commonly  demand  steadiness  of  power  and  action. 

Solar  motors  make  available  an  immense  quantity  of  active  energy 
by  direct  utilization.  They  are  evidently  practicable  in  the  sense  that 
there  is  no  inherent  mechanical  difficulty  in  their  construction  and 
operation.  They  are  subject,  however,  to  the  same  defects  of  lack  of 
steadiness  of  source  of  energy,  of  need  for  provision  for  extensive  and 
pi-olonged  storage,  if  to  be  generally  employed,  and  to  the  serious 
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objecttoD  of  large  cost  per  unit  of  power  delivered.  Whether  this 
coi«t  will  be  80  great  as  to  balapce  the  gain  coming  of  free  delivery  to 
the  machioe  of  the  energy  to  be  transformed  can  be  known  only  when 
we  are  driven  to  the  serious  task  of  providing  substitutes  for  the  heat 
engines. 

Ericsson  made  a  working  steam  engine  deriving  its  energy  from  the 
direct  rays  of  the  sun,  and  proved  that  either  steam  or  air  could  be 
employed  in  such  an  engine  as  the  working  fluid.  He  also  showed 
what  is  the  amount  of  power  practically  derivable  from  the  sun's  rays 
through  this  method  of  utilization  of  the  heat  of  the  sun. 

Later  testimony,  so  far  as  it  goes,  confirms  his  statements,  and  the 
mechanical  possibility  is  beyond  question  that,  in  future  centuries, 
when  our  fuels  are  gone,  we  may  largely  utilize  the  sun's  energy  in 
this  manner.  But  it  may  yet  be  found  that  this  threatened  exhaustion 
of  our  fuel  supplies  is  not  the  only,  or  perhaps  even  the  first,  limit 
likely  to  be  set  to  the  progress  of  the  world  of  humanity  on  our  globe, 
The  exhaustion  of  our  iron  ores,  like  our  platinum  deposits,  the  min- 
gling with  the  air  of  the  products  of  combustion  of  our  fuels  while  they 
still  last,  the  pollution  of  our  water  supplies,  and  many  other  possible 
obstacles  to  progress  and  growth,  will  have  their  effects,  individual 
and  combined,  and  our  most  serious  problems  are  quite  likely  to  be 
found  at  an  earlier  date  than  that  of  the  loss  of  our  fuels;  the  last- 
named  danger  is,  in  fact,  already  upon  us.  This  generation  need  not 
attempt  to  cross  the  first  of  the  bridges  on  the  list,  although  a  very 
seductive  problem  is  presented  to  the  engineer.  This  problem  may 
be  enunciated  thus: 

To  find  a  system  of  gathering  and  storing  the  enei^y  of  the  direct 
rays  of  the  sun,  for  utilization  in  power  production,  by  a  special  form 
of  heat  motor;  to  find,  next,  a  method  of  transforming  the  energy 
thus  collected  into  mechanical  power;  and  to  discover  a  method  of 
storing,  for  later  use,  excess  power  obtained  during  periods  of  sunshine, 
tiding  over  the  sunless  periods. 

The  problem  will  be  solved  only  when  the  system  thus  perfected  is 
so  designed  and  constructed  as  to  be  able  to  provide  power  for  indus- 
trial purposes  so  cheaply  that  a  business  profit  can  be  made  through 
its  use. 
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THE  NEW  RADIATIONS— CATHODE  RAYS  AND  RONTGEN, 
RAYS." 


By  A.  Dastkb. 


It  is  ^ncrally  agreed  that  one  of  the  characteristic  features  of  our 
age  in  the  enormous  development  of  the  applications  of  science.  This 
is  a  commonplace  truth.  We  are  completely  surrounded  on  all  sides 
by  these  applications;  they  are  intimately  mingled  with  all  the  condi- 
tions of  everyday  life;  they  take  part  in  our  housing,  our  clothing, 
our  lighting,  our  transportation  in  many  ways;  they  assist  us  in  com- 
municating with  our  friends,  far  and  near;  they  produce  our  porti-aits, 
or  they  simply  amu^e  us,  so  that  they  can  not  be  ignored.  But  this 
utilitarian  aspect  of  modem  science  should  not  obscure  its  educational 
and  philosophic  value.  lieferring,  for  instance,  to  contemporary 
physics  only,  the  march  of  ideas  has  not  been  less  remarkable  than  the 
progress  of  discovcrj'.  Theory  an<i  practice  have  advanced  side  by 
side.  Boldness  of  speculation  has  attained  the  same  height  as  skill  in 
experimentation.  It  may  be  said  in  this  connection  that  the  evolution 
of  thcoricH  compares  favorably  with  the  marvelous  development  of 
facts,  and  the  philosophy  of  science  with  science  itself.  This  we  have 
previously  attempted  to  show  to  our  readers  in  our  essays  on  osmose, 
on  cryoscopy,  and  on  tonometry;  here  we  wish  to  examine  from  the 
same  point  of  view  ideas  that  have  accumulated  in  recent  years  con- 
cerning cathode  rays,  Kdntgen  rays,  and  on  the  radio-activity  of 
matter. 

I. 

The  tcnn  "  cathode  rays  "  was  suggested  in  1883  by  the  well-known 
phyp-icist,  Wiedemann,  who  had  been  engaged  in  studying  them,  but 
the  object  to  which  the  name  was  applied  was  not  entirely  new. 
Cathode  niys  had  several  years  before  occasioned  celebrated  experi- 
ments ill  the  hands  of  an  English  scientist,  W.  Crookcs,  long  well 
known  through  other  original  investigations.  The  beautiful  experi- 
ments of  Crookos,  disseminated  by  their  author  throughout  Europe, 
had  attracted  the  attention  not  merely  of  the  majority  of  physicists, 
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but  of  the  public  iteelf.  Presented  to  the  members  of  tbe  Britisb 
Association  at  their  meeting  at  Sheffield  in  1879,  repeated  in  1880  at 
one  of  the  soirees  of  the  French  Association,  held  in  the  Observatory 
of  Paris,  these  new  and  brilliant  phenomena  aroused  immense  enthu- 
siasm. Crookes  attributed  them  to  a  special  condition  of  matter  which 
he  called  "radiant  matter."  Cathode  rays  are  ciimply  radiant  matter 
electrified.  The  English  scientist  laid  great  stress  on  this  fourth  state 
of  matter;  he  believed,  and  othera  believed  with  him,  that  he  had 
opened  a  new  path  to  science. 

This  hope  was  vain,  or  at  least  deferred  for  a  long  time;  it  was  neces- 
sary to  wait  fifteen  years  until  the  discovery  of  X-rays  (connected  with 
cathode  rays,  as  will  appear  presently)  attracted  the  attention  of  scien- 
tific men.  However,  investigators  had  not  abandoned  this  new  track; 
they  had  followed  it  with  perseverance  in  tbe  silence  of  their  labora- 
tories. Among  these  zealous  workers  must  be  named  in  the  first  rank 
the  German  physicist,  Hittorf,  to  whom  must  be  given  tbe  honor  of 
having  discovered  cathode  raj's.  He  had  pointed  out  their  existence 
ten  years  befoi-e  W.  Crooke-s.  In  justice  to  him  cathode  rays  might  be 
called  Hittorf  rays,  for  the  same  reason  and  on  the  same  ground  that 
the  X-rays  are  called  Bont^en  rays,  and  the  radio-active  rays  Bec- 
querel  rays. 

Besides  Hittorf  should  be  named  Hertz,  Wiedemann,  and  Ebert, 
Sc-hmidt,  Lenard,  and  J.  .1.  Thomson,  whose  researches  wei'e  gi-ad- 
ually  developed  until  1895.  At  this  period  suddenly  appeared  the 
discovery  by  BOntgen,  and  investigations  received  a  new  impulse. 
Soon  after  appeared  in  different  counti'ies  the  publications  of  Birkc- 
land,  of  Majorana,  of  W,  Wien,  and  in  France  those  of  J.  Perrin,  of 
Villard,  of  Deslandres.  and  of  H.  Poincarfi. 

These  numerous  researches  had  a  double  object.  It  was  proposed 
on  one  hand  to  complete  the  experimental  study  of  the  phenomena, 
and  on  the  other  hand  to  furnish  an  explanation  of  them.  The  task 
in  both  cases  is  very  atti-active,  but  the  interest  of  the  theoretical 
question  is  incomparably  greater.  On  this  new  field  of  cathode  phe- 
nomena was  renewed  the  discussion  which  for  more  than  a  century 
had  agitated  the  physicists  concerning  the  intei-pretation  of  luminous 
phenomena.  Cathode  rays  are  not  luminous  rays,  but  their  explana- 
tion was  equally  opposed  to  the  theory  of  emission  and  to  the  theory 
of  undulation,  to  ponderable  matter  and  to  ether.  The  discussion  of 
the  commencement  of  the  century  with  reference  to  light  was  renewed 
in  its  last  decade  with  reference  to  electricity.  Sensational  and  theat- 
rical effects  succeeded  each  other.  With  Crookes  in  1880  the  emission 
theory  triumphed;  the  cathode  ray  certainly  appeared  to  be  a  material 
projection,  a  ballistic  tnijectory.  With  Lenard  in  1894  (who  had 
caused  the  cathode  rays  to  penetrate  a  vacuum  without  diminishing 
the  latter)  the  theory  of  an  immaterial  foundation,  rays  of  ether,  was 
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uppermost  J.  J.  Thomson  in  1807  returned  to  the  emission  of  par- 
ticles, but  these  projectiles  were  no  longer  molecules,  atoms  or  ions — 
the  smallest  division  of  matter  recognized,  but  the  fragments  of  atoms, 
atomic  cwpuscles.  Finally,  M.  Villard  in  1899  determined  the  nature 
of  these  bodies,  and  showed  that  they  were  formed  of  hydrogen,  in 
short  corpuscles  or  fragments  of  atomic  hydrogen.  It  was  shown 
that  the  cathode  rays  exhibit  the  spectrum  of  hydrogen,  and  if  every 
trace  of  this  gas  is  successfully  removed  the  cathode  emission  is 
suddenly  suppressed. 

n. 

After  this  presentation  of  the  theoretical  interest  of  these  new  rays 
it  will  be  well  to  give  a  short  description  of  them.  Their  appearance 
is  dependent  upon  conditions  of  the  electric  discharge  in  rarefied 
gases.  Phenomena  of  this  character  are  frequently  seen,  as  for  exam- 
ple, the  illumination  of  Ueiusler  tube^^,  or  of  the  electric  bulb.  As 
th^e  experiments  are  among  the  most  brilliant  and  most  attractive 
that  can  be  performed  with  electricity  they  are  shown  on  every  occa- 
sion, as  much  for  the  beauty  of  the  spectacle  as  for  the  instruction  of 
the  spectator. 

Let  us  imagine,  then,  an  electric  bulb,  an  oval  vessel  of  glass  in 
which  are  placed  two  metallic  poles,  two  bulbs  or,  in  shoil,  two 
electrodes  of  some  shape  or  other,  separated  by  smaller  or  greater 
intervals,  and  charged  with  electricity.  Their  electrification  will  be 
maintained,  for  example,  by  placing  them  in  connection  with  the 
induction  poles  of  a  Ruhmkorff  coil.  An  electrostatic  machine  can 
also  be  used,  if  furnished  with  a  condenser  whose  collector  is  con- 
nected with  one  of  the  electrodes.  A  short  tube  provided  with  a  stop- 
cock allows  the  ovoid  bulb  to  be  exhausted  of  air.  When  the  electric 
tension  passes  a  certain  limit  a  current  is  established.  A  flash  of 
flame  passes  from  the  positive  electrode  (the  anode)  to  the  negative 
electrode  (the  cathode).  Under  these  conditions,  having  a  rarefied 
gas  and  suitable  charge  of  electricity,  this  luminous  trajectory,  instead 
of  being  blinding  white,  sharp,  rectilinear  or  zig  zag  as  the  ordinary 
spark  is  constituted,  appears  as  a  diffuse  glow,  varied  in  color  accord- 
ing to  the  nature  of  the  gas. 

If  the  bulb  or  flask  which  contains  the  electrodes  permits  changing 
the  place  of  the  positive  pole  and  approaching  it  to  different  points  of 
tlie  surface  of  the  glass,  the  luminous  tiwl  is  .seen  always  to  leave  the 
wandering  point  of  attachment  in  order  to  pass  to  the  fixed  negative 
pole.  The  passage  will  be  more  or  less  direct  or  rectilinear,  it  will 
approach  more  or  less  the  axis  of  the  bulb,  and  will  vary  in  conse- 
quence with  the  shape  of  the  same.  And  by  displacing  the  positive 
pole,  the  current,  this  trajectory  of  discharge,  can  be  directed  at  wilL 
In  ordinary  cases  this  is  what  usually  occurs,  especially  whettthe  rapo- , 
SMlftOl 18  '"     '         '        ^ 
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faction  is  of  a  moderate  degree,  when  the  vaouimi  is  maintained  at  a  few 
hundredths,  or  at  most  a  few  thouK8ndth!<  of  an  atmosphere.  One  must 
not  becontent«d  with  this  degree  of  exhaustion  if  it  is  desired  to  study 
the  cathode  rays.  It  is  neoesaary  to  go  further,  as  did  Lenard  imd 
Crookes,  without,  however,  going  too  far.  The  English  physicist,  in 
particular,  pushed  the  exhaustion  to  a  prodigious  degree.  In  the 
Crookes  tubes,  so  called,  the  pressure  is  only  one  millionth  of  an 
atmosphere.  The  pressure  of  the  remaining  gati  valued  in  millimeters 
of  mercury  does  not  reach  more  than  0.00076.  The  English  scientist 
claimed  that  when  exhausted  to  this  point  the  residue  no  longer  has 
the  properties  of  ordinary  gases;  according  to  him  it  is  a  kypergaa  as 
different  from  the  true  gaseous  state  as  the  latter  is  from  the  liquid 
titate,  and  forming  a  fourth  condition  of  matter,  following  the  liquid, 
the  solid,  and  the  gas  proper;  this  he  called  radiant  matter.  Crookes, 
relying  on  what  the  kinetic  theory  teaches  with  reference  to  the  con- 
stitution of  gases,  desired  to  determine  the  nature  of  this  fourth  state 
of  matter.  In  reality,  the  gas,  rarefied  to  the  millionth  of  an  at^jios- 
phere,  has  not  acquired,  by  this  fact  alone,  an  entirely  new  character; 
but  it  has  acquired  it  most  certainly  when  electritication  is  added  to 
the  rarefaction,  and  it  is  then  that  it  constitutes  the  emanation  or  the 
cathode  ray. 

We  have  said  that  the  vacuum  must  not  be  pushed  too  far,  if  one 
goes  beyond  the  millionth  of  an  atmosphere— and  the  perfection 
of  mechanism  allows  going  much  further  than  that — the  gaseous 
residue  can  not  be  electriiied;  electricity  will  not  pas3  through;  there 
is  no  longer  a  current.  The  electric  force  is  incapable  of  penetrating 
absolute  vacuum;  this  resistance  of  the  vacuum  to  the  passage  of  elec- 
tricity is  an  article  of  faith  among  physicists,  espc(^ially  since  the 
experiments  of  Walsh,  of  Morren,  and  of  Scihultz.  The  importance  of 
this  principle  is  very  great  from  the  theoretical  point  of  view;  it  fur- 
nishes, in  fact,  a  new  test  for  matter.  But  in  it«  application  its  prac- 
tical value  is  very  restricted.  The  experiments  of  Lenard,  after  those 
of  Hertz  in  showing  us  the  propagation  of  certain  forms  of  electricity 
in  vacuo,  instruct  as  to  the  nature  of  these  restrictions.  We  shall 
say,  with  J.  Perrin,  that  it  is  very  prolable  that  recognizable  elec- 
tricity which  can  be  experimentally  detected  can  not  propagate  itself 
without  a  material  support,  but  this  is  not  certain. 

If  now  we  return  to  Crookes's  tube,  in  which  the  vacuum  has  Iteen 
pushed  to  one  millionth,  we  shall  see  that  the  curi-ent  behaves  itself 
rather  differently  from  what  it  does  in  the  tubes  where  the  rarefaction 
is  less.  The  path  of  the  current  has  lost  much  of  its  brilliancy;  it  no 
longer  appears  as  an  uncertain  glow,  wavering,  striated,  of  a  hue  inter- 
mediate between  rose  and  violet.  All  the  remainder  of  the  interior 
of  the  bulb  remains  dark.     The  electricity  passes  again  and  follows 
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the  same  patb  as  before  botweeu  the  piMitivcelcctfode  and  the  cathode. 
The  principal  flow  has  been  joined  by  a  Nceondnry  one,  from  all  points 
of  the  tube  the  positive  currents  are  directed  toward  the  cathode, 
and  go  to  reenforce  the  principal  current.  These  positive  charges 
which  descend  fi-om  all  points  of  the  periphery  form  the  counterpart 
of  the  negative  chains,  which  can  be  ssen  fixed  on  the  cathode  rays. 
Their  existence,  their  development,  their  circulation,  result  in  conse- 
quence from  the  existence,  the  development,  and  the  inverse  circula- 
tion of  the  negative  electricity  that  carries  with  it  the  cathode  ray. 

Such  is  the  cathode  afflux;  it  is  composed  of  the  current  directed 
toward  the  positive  electrode  and  of  secondary  currents  directed  from 
all  parts  of  the  recipient  toward  the  cathode.  M.  Villard  has  made  it 
very  plain  that  all  these  ob.scure  or  dim  emanations  are  united  in  the 
axis  of  the  bulb  to  the  principal  flow. 

This  cathode  afflux  has  iK'sides  the  character  and  the  properties  that 
physicists  and  chemists  attribute  to  the  electric  current.  It  touches 
directly  the  cathode.  If  it  happens  that  this  negative  electrode — 
which  we  may  suppo.se  to  connist  of  a  small,  circular,  metallic  disk — 
is  perforated  with  a  hole,  a  portion  of  the  cathode  afflux  crosses  this 
opening  and  pursues  its  journey  beyond,  after  teing  discharged  in 
passing.  This  neutral  electrical  current,  these  discharged  rays,  form 
the  Canalstrahlen  studied  by  Goldstein. 

All  these  details  with  relation  to  the  currents  which  flow  toward  the 
cathode  indicate  the  care  with  which  physicists  have  studied  the  sub- 
ject, so  that  none  of  the  phenomena  which  take  p\af:e  in  Crookes's  tube 
may  escape  them.  It  might  t>e  said,  however,  that  they  are  foreign 
to  our  principal  subjei-t,  which  is  the  cathode  emission.  The  afflux 
which  we  have  just  seen  reach  the  cathode  is  in  fact  perfectly  distinct 
in  every  respect  from  the  cathode  radiation  which  follows  it  and  which 
alone  interests  us.  Tiic  latter  is  formed  of  a  pencil  of  rays  perpen- 
dicular to  the  surface  of  the  cathode.  It  is  in  the  present  case  a  cylin- 
drical pencil  having  for  a  base  the  circular  disk;  it  traverses  the  tube 
in  a  perfectly  straight  line  without  being  disturbed  by  the  rays  flow- 
ing toward  the  cathode  in  an  opposite  direction,  of  which  we  have  just 
bt^en  speaking;  it  passes  by  them  and  through  them  unchecked. 

This  new  pencil  implanted  normally  on  the  cathode  is  not  luminous. 
It  is  not  directly  visible;  it  forms  a  dark  spot  in  the  Crookes  tube. 
It  would  entirely  escape  observation  if  it  did  not  excite  a  peculiar 
fluorescence  opposite  to  the  cathode  at  the  points  where  it  meets  the 
sides  of  the  tube.  The  material  of  the  glass  becomes  illuminated  at 
these  points  and  presents  a  luminous  brilliant  spot  of  a  green  color. 
Crookes  had  the  idea  to  arrange  in  the  interior  of  the  tube,  in  the  path 
of  this  pencil  between  the  cathode  and  the  wall,  a  variety  of  opaque 
bodies,  as,  for  example,  a  cross  of  aluminum.     He  then  saw  outlined 
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upon  the  clear  fluorescent  background  the  exact  silhouette  of  the  cross. 
In  thiij  way  perfect  geometric  i:ihadow9  of  the  objects  introduced  ean 
be  obtained  in  every  case. 

This  experiment  necessitates  the  conclusion  that  the  cathode  emis- 
sion is  rectilinear.  The  cathode,  the  screen,  and  the  silhouette  are  all 
on  a  straight  line.  Things  occur,  in  short,  as  if  a  single  ray  left  ew;h 
point  of  the  cathode,  exciting  luminosity  at  the  very  spot  where  it 
encounters  the  walls.  Without  prejudging  in  any  way  the  nature  of 
the  phenomenon,  it  is  proper  to  use  the  expression  cathode  rays. 

A  close  study  of  the  shadows  formed  by  divers  screens,  of  the  sil- 
houettes outlined  by  these  rays,  leads  to  a  new  and  instructive  point; 
it  shows  that  they  are  implanted  at  light  angles  to  the  surface  of  the 
electrode;  they  are  perpendicular  to  it  at  every  point.  It  must  be 
added,  however,  following  Goldstein,  that  it  is  not  a  strict  rule;  if 
accepted,  it  results  that  the  shape  of  the  pencil  varies  in  a  simple  man- 
ner with  that  of  the  cathode.  The  hitter  is  sometimes  arranged  as  a 
slightly  convex  disk;  thereupon  the  rays  form  the  trunk  of  a  cone 
which  strikes  the  walls  of  the  tube  like  a  circular  skullcap.  If  the 
cathode  disk  is  a  mirror  with  spherical  concave  surface  the  perpen- 
dicular lines  at  the  surface  form  a  conic  pencil  and  converge  toward 
the  center  of  the  image  of  the  sphere,  where  they  form  a  focus.  The 
effects  peculiar  to  cathode  rays  are  magnified  by  this  concentration,  in 
the  same  manner  that  the  effects  of  luminous  rays  are  increased  in  the 
focus  of  a  lens.  In  this  manner  Crookes  was  able  to  show  the  heating 
action  of  his  supposed  radiant  matter;  that  ia  to  say,  of  cathode  rays. 
He  succeeded  in  fusing,  at  one  of  these  foci,  not  only  glass,  but  a  wire 
of  iridium -platinum,  an  operation  which  requires  a  temperature  of 
more  than  2,000°. 

It  is  not  only  at  the  end  of  its  path  at  the  point  where  it  strikes  the 
walls  of  the  glass  tube  that  the  cathode  pencil  can  be  rendered  visible. 
Hittorf  and  Goldstein,  in  1876,  furnished  the  means  of  rendering  it 
visible  at  all  points  of  its  path  by  discovering  the  phosphorogenic 
power  of  the  new  rays.  The  illumination  which  these  dark  rays  excite 
in  the  glass  of  the  bulb  they  also  produce  on  other  bodies  placed  in 
the  interior.  Rock  crystal  appears  of  a  blue  color,  precious  stones  of 
divers  colors,  rubies  project  a  beautiful  red  glow,  diamonds  take  on 
an  extraordinary  brilliancy.  The  earthy  sulphides  which  are  naturally 
phosphorescent — that  is  to  say,  able  to  store  up  the  luminous  rays  and 
yield  them  up  afterwards— are  lighted  up  most  vividly.  Wurtzite 
(crystallized  sulphide  of  zinc)  becomes  dazzling.  By  arranging  a  frag- 
ment of  one  of  these  substances  in  the  path  of  the  pencil,  the  tatter 
becomes  visible  thi-oughout.  It  becomes  possible  in  this  way  to  study 
the  properties  of  cathode  rays. 

The  resulte  of  this  study  should  be  briefly  mentioned.  In  tiie  first 
place  the  two  laws  already  announced  are  verified — that  the  cathod^Tay 
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19  rectilinear  and  that  it  is  quit«  seoaitive  perpendicular  to  the  surface 
of  the  electrode.  Again,  the  mechanical  effects  produced  by  these 
rays  are  of  great  interest,  owing  to  the  support  which  (hey  seem  to 
give  to  the  theory  of  the  emission  of  matter.  They  are  shown  hy  a 
beautiful  experiment.  Two  rails  formed  of  glass  rods  and  placed  in 
the  path  of  the  cathode  rays  support  the  axle  of  a.  paddle  wheel.  This 
little  machine  begins  to  move,  revolves  continuously  as  soon  as  elec- 
trical communication  has  been  established,  as  if  the  flanges  i-eceived 
blows— a  bombardment,  according  to  the  expression  used  by  Crookes — 
of  material  particles  issuing  from  the  negative  electrode.  On  revers- 
ing the  direction  of  the  current  the  wheel  revolves  in  the  opposite 
direction.  The  ballistic  explanation  seems  so  reasonable  that  it  natu- 
rally insinuates  itself  into  the  mind  and  gives  rise  to  a  belief  in  cath- 
ode projectiles.  However,  on  reflection,  the  argument  is  by  no  means 
conclusive.  Everyone  has  seen  in  the  show  windows  of  opticians  the 
little  instrument  which  is  called  a  radiometer,  which  was  itself  an 
invention  of  Crookes.  It  forms  a  kind  of  windmill,  exceedingly  light, 
and  inclosed  in  a  bulb  of  glass  that  has  been  exhausted  of  air.  It 
begins  to  move  in  the  same  way  as  the  water  wheel  of  the  preceding 
experiment,  but  under  the  action  of  luminous  rays — that  is  to  say,  of 
vibrations  of  the  ether,  without  suggesting  this  time  a  bombardment 
of  projectiles. 

A  second  property  of  cathode  rays,  an  unexpected  and  very  remark- 
able one,  is  that  'hey  are  attracted  by  a  m^net.  Making  the  pencil 
visible  by  means  of  a  phosphorescent  screen  placed  within  the  tube  it 
is  seen  to  bend  away  on  approaching  a  magnet;  it  can  be  attracted  and 
repelled  at  will  by  varying  the  position  of  the  magnetic  agent.  The 
amount  of  the  deflection  depends  partly  on  the  strength  of  the  magnet 
and  partly  on  the  velocity  of  the  cathode  rays,  a  velocity  which  can 
be  determined  by  varying  the  pressure  of  the  gaseous  residue  that 
fills  the  bulb.  On  giving  proper  motion  to  the  magnet  it  is  easy  to 
conceive  that  one  might  succeed  in  twisting  the  pencil  into  a  spiral. 
This  obedience  to  the  directive  force  of  the  magnet  goes  so  far  as  to 
allow  it  to  form  a  circle  upon  itself.  In  this  experiment  the  cathode 
ray  behaves  tike  an  electric  current  of  which  the  negative  pole  would 
be  the  cathode  and  which  runs  along  a  metAllic  wire.  This  mi^netie 
deflection  is  easily  explained  by  the  emission  theory;  the  rays  would 
be  formed  by  a  row  of  electrified  material  particles  following  each 
other  rapidly  and  carrying  an  electric  charge.  This  transportation  of 
electricity  by  the  transportation  of  matter  is  called  a  current  by  con- 
vection. Rowland,  R^ntgen,  and  other  physicists  have  shown  that 
currents  of  this  nature  are  similar  to  ordinary  currents  by  conduction. 
On  the  other  hand,  deflections  produced  by  a  m^net  are  unknown  in 
etherial,  calorific,  luminous,  and  actinic  I'adiations. 

In  the  third  place  the  cathode  ray  is  electrified.     This  we  assum^  b. 
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little  ways  Ijaok  in  saying  that  it  was  Himilar  to  a  row  of  electrified 
particles,  that  is  to  say,  to  a  current.  It  is  necessary,  therefore,  that 
the  charge  which  it  trannportu  Mhoiild  be  made  manifest.  Crookes 
believed  that  he  had  suc<'ceded  in  doing  this.  Ebert  and  Wiedemann 
showed  the  fallacy  of  his  demonstration,  but  it  was  a  young  French 
physicist,  M,  Jean  Perrin,  who,  by  a  very  neat  experiment,  made  plain 
the  essential  character  of  cathode  rays,  which  is  that  they  must  \te 
charged  with  negative  electricity. 

The  cathode  phenomena,  such  as  we  have  described  them,  fills  the 
whole  of  the  interior  of  the  bulb;  within  it,  it  begins  and  ends.  Up 
to  1894  it  had  been  impossible  to  study  these  rays  under  the  experi- 
mental conditions  in  which  they  occur.  The  rays  remain  shut  up  in 
their  birthplace  as  in  a  prison.  Lenard  succeeded  in  liberating  them, 
and  his  beautiful  experiments  of  1M94,  which  drew  these  captive  rays 
from  their  prison  of  glass,  created  a  great  enthusiasm  among  physicists. 

The  cathode  rays  are  stopped  by  glass;  this  is  well  known.  Most 
other  substances  act  the  same  way.  However,  Hertz  in  1S83  had 
announced  that  metallic  plates  would  permit  the  passage  of  these  rays 
provided  they  were  sufficiently  thin;  their  thickness  should  not  be 
greater  than  a  few  thousandths  of  a  millimeter  (min-on).  I^nard  sug- 
gested replacing  the  fluorescent  portion  of  the  glass  tube  on  which  the 
cathode  pencil  strikes  by  a  piece  of  metal,  and  it  was  necessary  that 
this  plate  should  he  stout  enough  not  to  yield  to  the  pressure  of  the 
air.  Herein  lay  the  difBculty,  which  Lcnai'd  succeeded  in  overcoming. 
He  arranged  in  his  Crookes  tube  a  small  window,  in  which  he  inserted 
a  plate  of  aluminium  thrcc-thou.sandths  of  a  millimeter  in  thickness. 
This  leaf  proved  to  be  capable  of  resisting  atmospheric  pressure  and 
of  sustaining  the  vacuum  within.  The  cathode  rays,  more  subtle  than 
gaseous  molecules,  passed  through,  permitting  them  to  be  studied 
without. 

They  behaved  without  exactl}'  a.-*  within  the  tube;  they  proved  to  be 
rectilinear,  deflected  by  a  magnet  and  capable  of  producing  fluores- 
cence; also  equally  capable  of  making  an  impression  on  a  photographic 
plate.  Most  extraoi-dlnarily  they  had  preserved  their  negative  elec- 
trification in  spite  of  the  thickness  of  the  metal  which  they  had  tra- 
versed. This  fact  was  unexpected  and  unexampled.  It  indicates  that 
the  negative  electrical  charge  is  an  essential  and  indelible  character  of 
the  cathode  ray,  and  that  it  can  not  lose  it  without  ceasing  to  exist. 

These  experiments  taught  at  the  same  time  that  the  cathode  rays 
possess  a  very  limited  power  of  penetration,  even  through  gases. 
Unless  these  gases  are  extremely  rarefied  the  rays  are  quickly  stopped 
and  scattered  by  molecular  obstacles.  On  the  contrary,  when  the 
vacuum  is  pushed  veiy  far  they  remain  unchanged:  it  has  been  possi 
ble  to  follow  them  the  length  of  a  meter  and  a  half  without  noticing 
any  diminution  of  power. 
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In  conclusion,  two  other  characteristics  of  the  cathode  rays  must  be 
noticed.  The  first  consists  in  the  power  that  they  transmit  to  gases 
through  which  they  pass,  of  conducting  electricity.  Gases  in  a  dry 
state,  as  is  well  known,  ai-e  nonconductors;  an  electrified  body,  for 
instance,  a  gold-leaf  electroscope  or  a  condenser,  holds  its  chai^.  If 
it  sonietimes  appears  otherwise  it  is  because  the  gas  is  not  dry,  and  the 
diminution  should  then  he  attributed  to  the  vapor  of  water.  But  if 
a  cathode  ray  just  comes  in  contact  with  air  which  is  really  dry, 
near  this  apparatus,  the  latter  is  seen  to  discharge  itself  at  once.  The 
gas  has  acquired  a  certain  degree  of  conductivity.  This  same  prop- 
erty belongs,  as  we  shall  soon  eirplatn,  to  ROntgen  rays  and  to  Bec- 
querel  rays-  This  characteristic  is  common  to  all  these  radiations, 
and  is  probably  the  one  which  can  be  easiest  investigated,  and  even 
measured.  By  means  of  an  electroscope  inclosed  in  a  box  full  of  dry 
air  these  divers  radiations  are  studied.  By  this  process  Mme.  and  M. 
Curie  discovered  the  new  radio-active  bodies,  polonium  and  radium, 
and  M.  Debierne  by  the  same  means  discovered  actinium. 

The  last  peculiarity  is  also  common  to  these  three  kinds  of  i-adiation, 
as  well  as  to  every  species  of  electric  current.  It  consists  in  this,  that 
both  effect  condensation  of  the  vapor  of  water  when  the  latter  is  near 
its  point  of  saturation,  producing  a  kind  of  mist.  This  mist,  which 
forms  instantly  on  the  passage  of  the  current,  or  of  the  rays,  becomes 
a  visible  and  palpable  sign  of  their  presence.  It  is  a  beautiful  lecture 
experiment  and  one  easily  reproduced  for  public  exhibition,  and  has 
often  been  repeated  within  the  last  two  or  three  yeai-s.  The  invisible 
vapor  escapes  from  a  narrow  tube  connected  with  a  flask  full  of  boil- 
ing water;  on  approaching  to  it  a  metallic  point  strongly  electrified 
and  from  which  the  fluid  escapes  in  the  form  of  an  aigrette  that  can 
easily  be  distinguished  in  the  dark.  As  soon  as  contact  has  been  made 
the  jet  of  steam  assumes  the  aspect  of  a  dense  mist  or  of  a  thick  smoke. 

Allusion  may  be  made  to  the  possible  applications  of  this  phenom- 
enon to  meteorology  without  insisting  upon  them.  There  is  another 
curious  application  which  was  made  by  J.  J.  Thomson  in  measuring 
the  number  of  cathode  projectiles  which  exist  in  a  given  space  at  a 
given  moment.  By  combining  this  calculation  with  electro-metric 
investigations  it  has  been  possible  by  skillful  comparison  to  determine 
the  negative  chaise  borne  by  each  cathode  projectile,  and,  finally,  its 
mass.     The  latter  is  extremely  small. 

The  cathode  rays  of  a  single  pencil  ai-e  not  all  identical.  The  velocity 
of  propagation  is  not  equal,  and  that  is  the  reason  why  a  magnet  deflects 
them  unequally,  just  as  a  prism  bends  unevenly  the  rays  which  form 
a  beam  of  solar  light.  There  is  magnetic  dispersion  and  a  magnetic 
spectrum  for  the  rays  emanating  from  the  cathode,  exactly  like  the 
luminous  dispersion  and  luminous  spectrum  formed  with  the  sun's 
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rays.  This  fact  was  determined  about  the  same  time  by  Birkelaad 
and  Jean  Perrin. 

By  exceedingly  clever  experiments  it  has  been  possible  to  measure 
the  velocity  of  propagation  of  the  cathode  rays,  which  is,  according  to 
the  eniiasion  theory,  the  true  velocity  of  the  projectile  thrown  off  by 
the  electrode.  This  velocity  is  enormous  and,  moreover,  varies  greatly 
according  to  the  circumstances  of  its  production.  It  may  he  200  kms. 
a  second,  which  is  the  lowest  limit,  and  may  reach  50,000  kms.,  which 
seems  to  be  the  highest  limit,  or  one-sixth  the  velocity  of  light. 

We  can  scarcely  point  out  the  principles  hy  which  this  calculation 
has  been  made.  It  is  founded  upon  the  experimental  measurement  of 
the  magnetic  deflection  exerted  by  a  known  magnet  and  by  the  elec- 
tric deflection  excited  by  an  electric  current  having  an  intensity  equally 
known.  It  is  very  clear  that  these  deflections  depend  upon  the  velocity 
and  the  mass  of  the  rathode  projectiles.  In  sboi-t,  it  is  evident  that 
the  magnet  or  the  currept  will  deflect  the  cathode  ray  more  if  it  travels 
with  a  feeble  velocity  and  less  if  the  velocity  is  great. 

It  is  possible,  moreover,  to  diminish  this  velocity  in  oixler  to  give 
greater  accuracy  to  the  methods.  Lenard  made  use  for  this  purpose 
not  only  of  the  mys  produced  in  the  Crookes  tube  but  also  of  those  the 
existence  of  which  bad  been  discovered  by  Uustave  Le  Bon  and  which 
result  from  the  actioa  ot  light  on  metals. 

The  velocity  of  the  cathode  ray  is  prodigious  and  can  produce 
mechanical  effects  surpassing  the  imagination,  if  you  consider  that  the 
mass  of  the  projectile  is  infinitely  small  and  the  projectile  itself  but 
the  fragment  of  an  atom.  Jean  Pcrrin  has  calculated  one  of  the 
effects,  the  calorific  effect  which  will  be  produced  by  the  blows  of 
an  appreciable  proportion  of  these  projectiles.  The  quantity  of 
heat  which  a  kilogram  of  this  matter  would  generate,  when  suddenly 
arrested  by  an  obstacle  in  its  course,  would  be  sufficient  to  raise  instantly 
to  the  boiling  point  the  water  of  a  kike  1,000  hectares  in  extent  and  5 
meters  in  depth. 

The  measurement  of  the  cathode  velocity  brings  to  bear  a  flnal  ail- 
ment in  favor  of  the  ballistic  or  materialistic  theory.  If  the  cathode 
were  the  result  of  certain  vibrations  of  the  ether,  instead  of  resulting 
from  the  projection  of  matter,  it  would  not  be  possible  to  comprehend 
that  such  a  disturbance  should  be  propagated  with  a  variable  velocity 
of  200  kms.,  since  the  same  medium  transmits  the  solar  disturbance 
with  a  uniform  velocity  of  3tKl,000  kms. 

No  matter  from  what  side  we  study  this  question  the  advantage 
always  remains  with  the  theory  of  material  emission.  In  this  discus- 
sion which  has  been  renewed  in  our  time  between  the  two  systems  of 
emission  and  of  undulations,  this  time  it  is  the  flrst  that  carries  off  the 
palm. 

The  cathode  ray  may  be  considered,  then,  as  formed  of.,a  row  of 
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projectiles  negatively  electrified.  Why  should  they  move  in  a  straight 
line  perpendicularly  to  the  sui-face  of  the  cathodet  Because  they  are 
repulsed  and  driven  violently  by  the  electric  charge  of  the  cathode. 

The  electro- metric  and  electro-magnetic  mea.suremenbs,  combined 
with  those  of  which  we  have  formerly  spoken,  and  which  allow  the 
calculation  of  the  number  of  cathode  projectiles  in  a  given  space  by 
means  of  the  condensation  of  a  mist  have  led  to  surprising  results 
whose  accuracy  is  amazing.  By  these  means  the  cathode  projectile 
has  been  found  to  have  a  constant  mass,  equal  to  the  thousandth  part 
of  one  atom  of  hydrogen. 

The  projectile,  then,  does  not  depend  upon  the  cathode,  as  Crookes 
had  already  determined.  It  ts  composed  of  hydrogen,  as  proved  by 
M.  Villard  without  question.  It  has  its  origin  necessarily  in  the 
breaking  up  of  the  atom  of  hydrogen.  This,  instead  of  being  the 
final  expres.sion  of  simplicity  and  of  tightness,  as  chemists  believe, 
appears  to  be  a  quite  complex  edifice  and  rather  heavy,  since  the  cur- 
rent of  the  Crookes  tube  removes  from  the  stones  which  represent  it 
but  the  thousandth  part  of  its  mass.  These  stones  are  the  fragments 
of  atoras,  or  the  atomic  corpuscles  of  J.  .1.  Thomson.  The  atom  is  no 
longer  indivisible.  Here  we  shall  stop,  not  pushing  the  analysis  fur- 
ther, although  the  state  of  science  would  permit  it;  but  we  should 
enter  upon  the  subject  of  the  constitution  of  matter,  a  subject  which 
can  only  be  Incidentally  referred  to  here. 

III. 

Cathode  rays  have  no  practical  application.  They  are  produced 
under  extremely  peculiar  conditions,  in  a  barometric  vacuum,  in  the 
interior  of  a  bulb  from  which  it  is  almost  impossible  to  liberate  them. 
We  should  have  no  exiuse  for  having  entertained  our  readers  so  long 
had  this  study  offei-ed  only  the  interest  of  pure  curiosity  and  an 
opportunity  of  proclaiming  the  cleverness  of  our  physicists.  But  it 
has  another  bearing.  In  narrating  the  history  of  these  rays  we  have 
included  that  of  rays  of  the  same  family — Kdntgen  rays,  of  which  the 
applications  are  so  numerous,  and  Becquerel  rays,  which  are  but  a 
mixtui'e  of  the  two  other  kinds.  In  the  second  place,  the  cathode  rays 
are  the  progenitors  and  the  necessary  generators  of  the  others.  The 
mechanism  and  the  true  nature  of  the  latter  are  better  known. 

Moreover,  cathode  I'ays  (and  ROntgen  rays  as  well  as  those  of 
Becquerel,  which  accompany  theui  or  emanate  from  them)  are  not 
merely  the  simple  results  of  design  on  the  part  of  physicists;  they  con- 
stitute a  natural  phenomenon  which  urn  not  be  neglected.  Far  from 
being  of  i-are  occurrence  they  are  incessantly  produced.  Not  a  single 
ray  from  the  sun  falls  upon  a  metallic  surface,  not  a  flame  is  ignited, 
not  an  electric  spark  flashes,  not  a  current  of  electricity  is  produced, 
not  a  substance  becomes  incandescent  without  the  appearance  of  ij,^ 
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cathode  ray  either  id  a  simple  or  transformed  condition.  G.  Le  Bon 
deserves  the  credit  of  bavinj;  first  perceived  the  univeraality  of  this 
order  of  phenomena.  Although  he,  indeed,  made  use  of  the  inappro- 
priate temi"hlack  light,"  nevertheless  he  recognized  the  general 
character  and  the  principal  properties  of  this  creation.  Ahove  all, 
he  assigned  to  the  phenomenon  its  tnie  place,  transferring  it  from  the 
workroom  of  the  physicist  to  the  grand  laboratory  of  nature.  P.  <le 
Heen,  the  well-known  professor  of  the  University  of  Li^ge,  adopted 
a  similar  conception.  He  considers  that  nearly  all  the  centers  of  dis- 
turbance of  the  ether  generate  emanations  similar  to  those  which  take 
place  in  a  Crookes  tuiie.  We  shall  have  occasion  to  return  to  this  in 
connection  with  the  radio-activity  of  matter. 

IV. 

The  enthusiasm  and  admiration  which  the  discovery  by  ROntgen 
aroused  at  the  close  of  the  year  l!St>5  is  well  remembered.  The  learned 
physicist  of  Wurzburg  exhibited  photographic  silhouettes  obtained 
through  opaque  bodies,  sheets  of  pasteboard,  leaves  of  paper,  thick 
books,  dictionaries,  and  wooden  boards  several  inches  in  thickness. 
He  furnished  the  means  of  receiving  on  a  screen  the  fluorescent 
shadows  of  bodies  concealed  by  wrappings,  or  inclosed  in  boxes,  that 
is  to  say,  made  it  possible  to  see  indirectly  through  these  obstacles. 

Very  soon  useful  applications  added  to  the  interest  of  mere  curiosity 
which  wa.s  manifested  at  the  start.  Itadiography  was  applied  to  the 
detection  of  the  sophistication  of  cei'tain  product^,  to  determining  the 
contents  of  a  box  without  opening  it,  and  to  similar  uses.  But  by  far 
the  most  important  of  these  applications  vras  that  made  to  medicine 
and  surgery.  Everyone  has  seen  tbe.se  i-adiogi-apbs  publicly  exhibited. 
They  portray  the  malformations,  the  injuries  of  the  skeleton,  the 
alterations  of  bones,  the  pre.wnce  in  the  tissues  of  foreign  bodies, 
such  as  shot,  needles,  fragments  of  metal  and  the  like,  and  in  certain 
eases  they  disclose  the  existence  of  lesions  in  the  viscera  of  divers 
kinds.  When  perfected,  tbey  will  realize  the  dream  and  the  aim  of 
normal  and  [lathologic  anatomy,  which  is  to  show  the  body  sound  or 
diseased  as  if  it  was  transparent  throughout.  It  is  useless  to  dwell 
further  on  these  particulars;  their  history  is  developed  right  under 
our  eyes  and  the  daily  press  details  its  progress  from  day  to  day. 

ROntgen  rays  derive  their  origin  from  cathode  rays.  Crookes's  tube, 
the  generator  of  cathode  rays,  was  the  means  employed  by  the  Ger- 
man phy.sicist,  and  by  all  investigators  who  have  followed  him.  But 
in  tbis  apparatus  the  only  piirt  useful  for  producing  the  effects  which 
we  have  seen  is  the  fluorescent  spot  situated  opposite  to  the  cathode 
from  which  it  receives  the  emission. 

From  that  point  the  new  rays  are  projected  in  all  directions  and  not 
merely  in  the  original  line.     All  substances  which  arrest  the  cathode 
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rays  become  the  starting  point  of  K/tnt^^n  rays.  It  makes  little  differ- 
ence whether  a  body  is  placed  within  the  tube  oi-  whether  it  form»the 
wall  of  the  tube,  nor  is  it  of  any  importance  whether  it  becomes  fluor- 
escent or  not  under  the  cathode  action;  from  the  moment  that  it 
receivcM  and  arrests  the  first  ray  it  generates  the  second.  It  htm  been 
found  advantageous  to  arrange  a  slight  modification  of  the  apparatus 
in  order  to  increase  its  power.  An  electrode  is  used  having  the  form 
of  a  spherical  mirror  which  concentrates  the  cathode  rays  at  a  single 
focus.  Near  it  is  arranged  a  platinum  foil  or  some  other  infusible  sub- 
stance which  intercepts  the  cathode  emission  and  arresting  it  trans- 
forms it  into  R6ntgen  rays,  which  pass  through  the  thinnest  point  of  . 
the  tube  and  may  he  collected  without.  This  apparatus  is  called  a 
focussing  tube. 

The  ROntgen  ray  is  plainly  to  be  distinguished  from  the  cathode 
ray,  which  has  given  it  birth  by  several  characters,  of  which  the  two 
most  essential,  from  a  theoretical  point  of  view,  are  that  it  is  not 
attracted  by  the  magnet,  and  that  it  is  not  electrified.  The  cathode 
ray,  on  the  contrary,  carries  an  electric  current  and  can  be  deflected 
by  a  magnet.  On  these  two  characteristic-"  has  been  founded  the 
theory  of  its  materiality,  as  we  have  already  said.  They  are  wanting 
in  the  Rdntgen  ray,  therefore  we  (san  not  be  sure  that  it  results  from 
the  emissiom  of  matter.  On  the  contrary,  circumstances  are  in  favor 
of  its  immaterial,  etberial,  vibi-atory  nature. 

To  these  two  di-stinctive,  essential,  traits  must  be  added  the  two 
following,  which  are  no  less  important:  The  cathode  ray  has  not  the 
power  of  penetration.  It  is  immediately  absorbed  or  diffused;  whereas 
the  EOntgen  ray  is  very  penetrating  and  nondiffusible. 

We  have  just  seen  that  the  HOntgen  rays  originate  at  the  point 
where  the  cathode  rays  encounter  solid  substances.  The  violence  of 
the  blow  of  the  cathode  projectile  against  the  material  molecule  dis- 
turbs it  and  increases  itM(»lorific  energy;  at  the  same  time  it  makes 
the  surrounding  ether  oscillate  and  produces  the  fluorescence  of 
Crookes's  tube.  The  operation  which  produces  the  X-ray  yields  then, 
at  the  same  time  and  accessorily,  luminous  rays  (visible  fluorescence), 
and  at  other  times  chemical  rays,  ultraviolet  rays  (invisible  fluores- 
cence), and  probably  still  other  unknown  radiations. 

Setting  aside  these  accessory  radiations— that  moreover  may  be 
absent— in  order  to  consider  the  principal  one,  we  have  said  that  the 
latter  is  disclosed  by  its  chemical  action  on  the  salts  of  silver  (photo- 
graphic impression)  and  by  its  power  of  exciting  the  luminosity  of 
phosphorescent  st^eens.  If  an  opaque  body  is  placed  in  a  straight 
line  between  the  source  of  the  ray  in  the  screen  its  shadow  appears 
thereon  with  an  astonishing  distinctness.  The  formation  of  these  geo- 
metric shadows  proves  a  pcrfectlj'  rectilinear  propagation  and  justifies 
the  name  of  "ray"  here  employed.  ^  it^t^olc 
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At  the  outlet  the  most  surprising  characteristic  of  these  rays  is 
their  power  of  penetration.  They  pass  oh  easily  through  a  volume  of 
a  thousand  pages  as  a  ray  of  light  passes  through  a  window  pane. 
Both  cases  exhibit  the  same  prowess  of  natui'e;  and  if  the  latter  fact 
no  longer  astonishes  us,  it  is  because,  as  Montaigne  says,  "  familiarity 
with  things  removes  from  them  their  Htrangeness,"  Our  surprise 
arises  in  obsen'ing  the  newcomer  accomplish  that  which  was  impossi- 
ble for  our  old  friend,  light.  We  were  formerly  no  less  surprised  to 
learn  that  the  ultraviolet  rays  of  the  solar  spectrum  passed  through  a 
pieceof  silver  foil,  which,  we  may  say,  parenthetically,  made  possible  for 
the  first  time  photography  of  the  invisible.  That  which  is  permitted 
to  one  ray  is  prohibited  to  another.  ROnl^en's  ray,  which  traverses 
an  oak  plank  2  inches  in  thickness  and  a  plate  of  aluminum  more  than 
a  centimeter  thick,  is  stopped  by  several  meters  of  atmospheric  air, 
the  passage  of  which  is  but  a  trifle  for  the  ray  of  light. 

There  is  another  difference  between  the  KOntgen  ray  and  the  lumi- 
nous ray — their  conduct  in  the  interior  of  liodies.  Both  these  raya 
are  al>sorbGd  while  on  their  journey;  their  nature  is  changed;  they 
are  annihilated;  their  energy  is  transformed  into  some  other  foree — 
beat  for  instance.  This  end  is  common  to  them.  But  light  has 
another  property  which  is  peculiar  to  it.  In  certain  bodie-s  bAving  a 
granukr  structure,  such  as  roughened  glass  and  the  powder  of  rock 
crystal,  the  light  is  diffused;  the  path  of  the  rays  is  broken  by  reflec- 
tions and  by  numerous  refractions.  Kacb  particle,  then,  bebavea  as  a 
source  of  light,  emitting  rays  in  all  directions,  and  the  body  is  illumi- 
nated. It  would  be  useless  to  increase  the  intensity  of  the  beam  of 
light  with  the  expectation  of  seeing  it  transmitted;  the  illumination 
would  only  be  increased. 

The  ROntgen  rays  behave  very  differently.  They  are  only  lost 
through  absorption.  By  increasing  the  intensity  of  the  rays  they  will 
be  seen  to  gain  more  and  more  in  the  power  of  penetration.  They 
are  not  diffused.  They  pursue  their  ]>ath  rigidly  inflexible,  undoubt- 
edly weakened,  but  never  deflected  by  any  obstacle.  A  ray  of  light 
should  not  be  taken  as  the  type  and  symbol  of  ideal  rectitude,  but 
rather  the  ray  of  KOntgen. 

There  are  several  varieties  of  ROntgen  rays,  as  there  are  of  cathode 
raj's.  They  foim  an  entire  scale,  and  may  l)e  distinguished  from  each 
other  by  their  degree  of  penetration.  Some  are  ultrapenetrating. 
Others  are  extinguished  at  a  distance  of  a  few  millimeters  from  their 
origin.  This  depends  upon  the  generating  appamtus,  on  the  current 
employed,  and  on  other  circumstances  controlling  their  production. 

When  a  ROntgen  ray  happens  to  strike  a  solid  body,  particularly  a 
metal,  it  gives  rise  to  rays  of  the  same  nature,  but  having  less  pene- 
ti'ating  powei'.  They  are  also  much  more  active  from  electric  and 
photograph  points  of  view.     These  secondary  rays  have  been  studied 
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by  M.  Sa^nac.  In  the  same  conditions  the  secondary  rays  originate 
tertiary,  and  bo  on,  in  such  a  way  that  there  exists  at  the  surface  of 
metals  struclt  by  KCntgen  rays  a  whole  system  of  radiations,  which 
form  a  complicated  envelope,  conducting  electricity  and  photogenically 
active. 

It  is  easy  to  see  that  the  fact  that  Itontgen  rays  are  not  diffused 
entails  other  differences  t«'tween  them  and  light,  and  these  are  impor- 
tant. The  rays  ai-e  not  diffused,  because  they  do  not  submit  to  reflec- 
tion or  to  refraction.  Their  reflection  has  been  thought  possible  at 
times,  because  they  were  mingled  with  other  elements — for  example, 
ultraviolet  rays.  M.  Gouy  has  shown  with  wonderful  accuracy  that 
in  reality  they  do  not  suffer  the  slightest  refraction.  They  do  not 
exhibit  the  phenomena  of  diffraction  or  of  polarization. 

Reflection,  refraction,  diffraction,  polarization,  and  interference  are 
universal  characters  of  ethereal  vibrations.  They  belong  to  all  the 
rays  of  the  spectrum,  from  the  slowest  to  the  mast  rapid.  They  are 
common  to  hcrtiiian  vibration.s,  to  the  infra-red  or  calorific,  to  the  vis- 
ible vibrations,  and  finally  to  the  ultraviolet  or  chemical  vibrations. 
As  to  int^-rference,  the  opinion  of  the  scientific  world  is  divided  on 
the  point  whether  Rontgcn  rays  allow  this  or  not.  It  appear.-),  how- 
ever, that  the  phenomena  ol)served  by  M.  Jaumann,  by  means  of  two 
parallel  electrodes  connetitcd  with  the  negative  pole  of  the  coil  by  wires 
of  eifual  length,  should  }te  regarded  as  illustrative  of  interference. 

Is  it  possible  after  this  to  compare  Rontgen  rays  with  luminous  rays, 
or  even  to  attribute  to  them  any  form  of  ethereal  undulations'f  This 
is  the  general  tendency.  Wiedemann  and  Lenard  regard  them  as 
forming  a  new  round  in  the  spectrum  ladder  beyond  the  ultraviolet. 
Bontgen  and  Jaumann  consider  them  as  the  products  of  longitudinal 
vibrations  of  ether. 

ROntgen  rays  distrhargc  electrified  bodies  placed  in  their  neighbor- 
hood. The  rudiments  of  this  electrical  property  are  exhibited  in  the 
spectrum;  ultraviolet  rays  destroy  the  negative  charges  of  Iwdies  with 
which  they  are  brought  into  contact.  This  shows  a  greater  or  less 
analogy  between  the  two  kinds  of  radiations.  It  is  only,  however, 
under  certain  conditions  that  the  ROntgcn  rays  may  be  referred  to 
small  unduktions,  having  the  character  of  undulations  of  light,  and 
thus  continuing  the  spectrum  beyond  the  violet.  It  would  be  neces- 
sary to  conceive  of  these  undulations  as  exceedingly  short,  or  what  is 
the  same  thing,  that  the  vibrations  are  very  rapid,  which  is  a  means 
of  rendering  the  interference  less  appreciable,  and  still  more  so  the 
diffraction,  liesides,  the  velocity  of  the  propagation  can  not  be  dif- 
ferent in  the  air  and  in  the  other  bodies.  A  priori,  this  supposition 
is  not  improbable— it  explains  the  absence  of  refraction  and  renders 
possible  that  of  reHection.  On  the  other  hand,  since  there  is  no  other 
way  of  realizing  polarization  except  through  recourse  to  simple  or 
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double  reflection,  which  are  here  iDsufficient,  it  is  not  uui*prising  that 
the  BOntgen  rays  are  deprived  of  thia  property.  Thus  deprived  of  all 
its  burdeDS  and  functions  it  yet  posseases  transverse  vibrations,  which 
place  it  in  the  family  of  spectra;  but  in  these  surrounding,  after  all 
the  diminutions,  restrictions,  and  limitations  which  it  has  undergone, 
it  appears  rather  like  a  mangy  sheep.  We  have  said  that  some  phys- 
icists are  contented  with  this  state  of  affairs. 

The  same  difficulties  arise  if  the  longitudial  vibrations  of  the  ether 
are  introduced  into  the  theory,  and  there  is  added,  moreover,  the 
uncertainty  of  the  existence  of  these  vibrations.  There  is  nothing  to 
prove,  in  truth,  that  they  do  not  exist;  on  the  contrary,  it  is  evident 
that  they  are  formed  as  soon  as  luminous  rays  change  their  direction 
are  reflected  or  refnw^ted.  They  could  not  be  neglected  except  by 
regarding  the  ether  as  strictly  incompressible.  Some  physicists  aflirm 
that  it  is,  and,  in  short,  if  one  relies  upon  experimental  gi-ouuds  it  is 
sufiJL-ient  to  say  that  the  longitudinal  component  can  be  neglected, 
owing  to  its  insigniflcance.  This  is  true  if  one  ignores  all  the  phe- 
nomena which  can  accompany  the  manifestation  of  light. 

In  fact,  by  disregarding  the  longitudinal  vibration,  satisfactoi'v  agri  .- 
ment,  as  is  known,  is  found  to  exist  between  theory  and  experiment. 
It  is  possible  that  the  R6ntgen  ray  may  be  due  to  this  longitudinal 
vibration,  but  this  remains  to  be  proved.  Jaumann  has  endeavored  to 
demonstrate  this,  but  was  refuted  by  M.  H.  Poincar^. 

Besides  these  explanations  there  is  a  third,  which  consists  in  saying, 
with  M,  A.  Schuster,  that  the  vibration  of  the  ether  which  yield.s  Ihe 
ROnt^en  ray  is  not  strictly  periodic;  periodicity  being  a  condition  of 
interference  a  troublesome  objection  is  thus  removed.  On  the  other 
hand,  explanations  founded  on  the  theory  of  the  emission  of  matter 
are  also  problematical.  M.  Jean  Perrin  claims  that  the  KOnt^cn  ray 
is  due  to  the  vibration  of  atomic  corpuscles,  and  Is  produced  by  their 
violent  encounter  with  material  molecules.  This  hypothesis  has  abo 
the  advantage  of  taking  into  consideration  the  conditions  of  its  pro- 
duction. In  conclusion,  very  little  is  positively  known  of  the  nature 
of  this  physical  agent,  which,  to  quote  M.  Bouty,  has  remained  exceed- 
ingly mysterious  m  spite  of  the  united  efforta  of  the  scientific  world. 
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By  Signor  G.  Marconi,  M.  Inat  C.  E.' 


When  Ampere  threw  out  the  suggestion  that  the  theory  of  a  univer- 
sal ether,  possessed  of  merely  niet^hanical  properties,  might  supply  the 
means  for  explaining  electrical  facts,  which  view  was  upheld  by  Joseph 
Henry  and  Faraday,  the  veil  of  mystery  which  had  enveloped  elec- 
tricity began  to  lift.  When  Maxwell  published,  in  1864,  his  splendid 
dynamical  theory  of  the  electro-mi^netic  field,  and  worked  out  mathe- 
matitally  the  theory  of  ether  waves,  and  Hertz  had  proved  experi- 
mentaltj'  the  comnrtness  of  Maxwell's  hypothesis,  we  obtained,  if  I 
may  use  the  words  of  Professor  Fleming,  "the  greatest  insight  into 
the  hidden  mechanisms  of  nature  which  haft  yet  been  made  by  the 
intellect  of  man." 

A  century  of  prt^ress  such  as  this  has  made  wireless  telegraphy 
possible.  Its  basic  principles  are  established  in  the  very  nature  of 
electricity  itaelf.  Its  evolution  has  placed  another  great  force  of 
nature  at  our  disposal. 

We  can  not  jmy  too  high  a  tribute  to  the  genius  of  Heinrich  Hertz, 
who  worked  patiently  and  persistently  in  a  new  field  of  experimental 
physics,  and  made  what  has  been  called  the  greatest  discovery  in  elec- 
trical science  in  the  latter  half  of  the  nineteenth  century.  He  not  only 
brought  about  a  great  triumph  in  the  field  of  theoretical  physics,  but, 
by  proving  Maxwell's  mathematical  hypothesis,  he  accomplished  a 
great  triumph  in  the  progress  of  our  knowledge  of  physical  agents 
and  physical  laws, 

1  can  not  forbear  saying  one  word  a^  to  the  eminent  electrician  who 
was  placed  in  his  la-st  home  as  recently  as  Saturday  last,  for  it  is  mani- 
fest that  several  years  ago  Professor  Hughes  was  on  the  verge  of  a 
groat  discovery,  and,  if  he  had  persevered  in  his  experiments,  it  .seems 
probable  that  his  name  would  have  been  closely  connected  with  wire- 
less telegraphy  as  it  is  with  so  many  branches  of  electrical  work,  in 
which  he  gained  so  much  renown  and  such  great  distinction. 

The  experimental  proof  by  Hertz,  thirteen  years  ago,  of  the  identity 

■Reprintoi  from  Proceedings  of  the  Royal  Inrtitution  of  Great  Britain,  Vol.  XVI, 
Part  II,  pp.  247-256.  R^ad  at  weekly  evening  meeting,  Friday,  February  2,  1900. 
Alexander  Siemenfl,  esq.,  M.  Inat.  0.  E.,  vice-president,  in  the  chair.       C  i(^t>Qfc 
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of  light  and  electricity,  and  the  knowledge  of  how  to  produce  and  how 
to  detect  these  ether  waves,  the  existence  of  which  had  been  ao  far 
unknown,  made  possible  true  wireleiw  telegraphy.  I  think  I  may  be 
justified  in  saying  that  for  several  years  the  full  importance  of  the  dis- 
cx)very  of  Hertz  was  realized  but  by  very  few,  and  for  this  reason  the 
early  development  of  iU*  practi«al  application  was  slow. 

The  practical  application  of  wireless  telegraphy  at  the  present  tinae 
ia  many  times  as  great  as  the  predictions  of  five  years  ago  led  us  to 
expect  in  so  short  a  time.  The  development  of  the  art  during  the  past 
three  or  four  years  and  its  present  state  of  prepress  may  perhaps 
justify  the  interest  which  is  now  taken  in  the  subject.  Yet  only  a 
beginning  has  been  made  and  the  possibilities  of  the  future  can  as  yet 
be  only  incompletely  appreciated.  All  of  you  know  that  the  idea  of 
communicating  intelligence  without  visible  means  of  connection  is 
almost  as  old  as  mankind.  Wireless  telegraphy  by  means  of  Hertzian 
waves  is,  however,  very  young.  1  hope  that  if  I  pass  over  the  story 
of  the  growth  of  this  new  art,  as  I  have  watched  it,  or  do  not  attempt 
to  prove  questions  of  priority,  no  one  will  take  it  for  granted  that 
nothing  is  to  be  said  on  these  subjects,  or  that  all  that  has  been  ."^id 
is  entirely  correct. 

The  time  allowed  for  this  discourse  is  too  short  to  permit  me  to 
recount  all  the  steps  that  have  led  up  to  the  practical  application,'^  of 
to-day.  I  believe  it  will  probably  interest  you  more  to  hear  of  the 
problems  which  have  lately  been  solved,  and  the  very  interesting 
developments  which  have  taken  place  during  the  last  few  months. 

I  find  that  a  great  element  of  the  success  of  wireless  telegraphy  is 
dependent  upon  the  use  of  a  coherer  such  as  I  have  adopted.  It  has 
been  my  experience,  and  that  of  other  workers,  that  a  coherer  as  pre- 
viously constructed — that  is,  a  tube  several  inches  long  partially  filled 
with  filings  inclosed  by  corks — was  far  too  untrustworthy  to  fulfill  its 
purpose.  I  found,  however,  that  if  specially  prepared  filings  were  con- 
fined in  a  very  small  gap  (about  1  mm.)  between  flat  plugs  of  silver, 
the  coherer,  if  properly  constructed,  became  absolutely  trustworthy. 
In  its  normal  condition  the  resistance  of  a  goo<l  coherer  is  infinite,  but 
when  influenced  by  electric  waves  the  coherer  instantly  becomes  a  con- 
ductor, its  resistance  falling  to  100  or  500  ohms.  This  conductivity  is 
maintained  until  the  tube  is  shaken  or  tapped. 

I  noticed  that  by  employing  similar  vertical  and  insulated  rods  at 
both  stations  it  was  possible  to  detect  the  efi'ects  of  electric  waves  of 
high  frequency,  and  in  that  way  convey  the  intelligible  alphabetical 
signals  over  distances  far  greater  than  had  been  believed  to  be  possible 
a  few  years  ago. 

I  had  formerly  ascertained'  that  the  distance  over  which  it  is  possi- 

)  Inetitutiim  of  Electrical  Engineers  by  G.  M«nx)ni, 
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ble  to  signal  with  a  given  amount  of  energy  varies  approximately  with 
the  square  of  the  height  of  the  vertical  wire,  and  with  the  square  root 
of  the  capacity  of  a  plate,  drum,  or  other  form  of  capacity  area  which 
may  be  placed  at  the  top  of  the  wire^. 

The  law  governing  the  relation  of  height  and  distance  has  already 
been  proved  correct  up  to  a  distance  of  85  miles.  Many  months  ajfo 
it  waa  found  possilile  to  communicate  fix>m  the  North  Haven,  Poole, 
to  Alum  Bay,  Isle  of  Wight,  with  a  height  of  75  feet,  the  distance  being 
18  miles.  Later  on  two  installations  with  vertical  wires  of  double  that 
length,  i.  e.  150  feet,  were  erected  at  a  distance  of  S5  miles  apart,  and 
signals  were  easily  obtained  between  them.  According  to  a  rigorous 
application  of  the  law,  72  miles  ought  to  have  been  obtained  instead  of 
85;  but  as  I  have  previously  stated,  the  law  has  been  proved  only  to  be 
approximately  correct,  the  tendency  being  always  on  what  I  might  call 
the  right  side;  thus  we  obtain  a  greater  distance  than  the  application 
of  the  law  would  lead  us  to  l)elieve.  There  is  a  remarkable  circum- 
stimce  to  l>e  noted  in  the  case  of  the  85  miles  signaling.  At  the  Alum 
Bay  station  the  mast  is  on  the  cliff,  and  there  is  no  curvature  of  the 
earth  intervening  between  the  two  stations;  that  is  to  saj',  a  straight 
line  between  the  base  of  the  Haven  and  Alum  fiay  stations  would  clear 
the  surface  of  the  sea.  But  in  the  case  of  the  S5  miles  the  two  stations 
were  located  on  the  sea  level,  and  between  them  exists  a  hill  of  water, 
owing  to  the  earth's  curvature,  amounting  to  over  1,000  feet.  If  those 
waves  traveled  only  in  sti'aight  lines,  or  the  effect  was  noticeable  only 
across  open  space,  in  a  direct  line,  the  signals  would  not  have  been 
received  except  with  a  vertical  wire  1,000  feet  high  at  both  stations. 

While  carrying  out  some  experiments  nearly  three  years  ago  at  Salis- 
bury, Captain  Kennedy,  R.  E.,andl  tried  numerous  forms  of  induction 
coils  wound  in  the  ordinary  way,  that  is,  with  a  great  number  of  turns 
of  wire  on  the  secondary  circuit,  with  the  object  of  increasing,  if  pos- 
sible, the  distance  or  range  of  transmission;  but  in  every  case  we 
obser\'ed  a  very  marked  decrease  in  the  distance  obtainable  with  the 
given  amount  of  energj'  and  height.  Similar  results  were  obtained 
some  months  later,  I  am  informed,  in  experiments'  carried  out  by  the 
general  post-oflSce  engineers  at  Dover. 

In  all  our  above-mentioned  experiments  the  coils  used  were  those  in 
which  the  primary  consisted  of  a  smaller  or  larger  numlicr  of  turns 
of  comparatively  thick  wire,  and  the  secondary  of  several  layers  of 
thinner  wire.  I  believe  I  am  right  in  saying  that  hundreds  of  these 
coils  were  tried,  the  result  always  being  that  by  their  employment  the 
passible  distance  of  signaling  was  considerably  diminished  instead  of 
being  increased.  We  eventually  found  an  entirely  new  form  of  induc- 
tion coil  that  would  work  satisfactorily,  and  that  began  to  increase  the 
di.stiinci'  of  signaling. 

The  results  given  by  some  of  the  new  form  of  induction  ooUa  have  ^ 
8M1901 19  '''^^^S  ^ 
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been  vem&rkable.  During  the  naval  maneuvers  1  had  an  opportunity 
of  testing  how  much  they  increased  the  range  of  signaling  with  a  given 
amount  of  onei^y  and  height.  When  working  between  the  cruisers 
Juno  and  Knmpa,  \  ascci-tained  that  when  the  induction  coil  was 
omitted  from  the  receiver,  the  limit  distance  obtainable  was  7  miles, 
but  with  an  improved  form  of  induction  coil  included,  u  distance  of 
over  60  miles  could  be  obtained  with  certainty.  This  demonstrated 
that  the  coils  I  used  at  that  time  increased  the  possilile  distance  nearly 
tenfold.  1  have  now  adopted  these  induction  coils,  or  transformers,  at 
all  our  permanent  stations. 

A  number  of  experiments  have  been  carried  out  to  test  how  far  the 
Wehnelt  brake  wjls  applicable  in  substitution  for  the  ordinary  make 
and  brake  of  the  induction  coil  at  the  transmitting  station;  but  although 
some  excellent  results  have  been  obtained  over  a  distance  of  40  miles 
of  land,  the  amount  of  current  used  and  the  liability  of  the  brake  get- 
ting fatigued  or  out  of  order  have  been  obstacles  which  have  .so  far 
prevented  its  general  adoption. 

As  is  probably  known  to  most  of  you,  the  system  has  been  in  prac- 
tical daily  operation  between  the  Ea^t  Goodwin  light-ship  and  the 
South  Foreland  light-house  since  December  24,  189S,  and  I  have  good 
reason  for  believing  that  the  officials  of  Trinity  House  are  convinced 
of  its  great  utility  in  connection  with  light-ships  and  light-houses.  It 
may  be  interesting  to  you  to  know  that,  as  specially  arranged  by  the 
authorities  of  Trinity  House,  although  we  maintain  a  skilled  assistant 
on  the  light-ship,  he  isnotallowed  toworkon  the  telegraph.  The  work 
is  invariably  done  by  one  of  the  seamen  on  the  light-ship,  many  of 
whom  have  been  instructed  in  the  use  of  the  instrument  by  one  of  my 
a.ssi.->tants.  On  live  oi-casions  assistance  has  been  called  for  by  the  men 
on  board  the  ship,  and  help  obtained  in  time  to  avoid  loss  of  life  and 
property.  Of  these  live  calls  for  a.ssistance,  three  were  for  vessels  run 
ashoi-e  on  the  sands  near  the  light-ship,  one  because  the  light-ship  her- 
s<df  had  been  run  into  by  a  steamer,  and  one  to  call  a  boat  to  take  off 
a  member  of  the  crew  who  was  .seriously  ill. 

In  the  case  of  a  French  steamer  which  went  ashore  off  the  Good- 
wins, we  have  evidence,  given  in  the  admiralty  court,  that  by  means 
of  one  short  wireless  message  property  to  the  amount  of  £5i,588  was 
saved;  and  of  this  amount,  I  am  glad  to  say,  the  owners  and  crews 
of  the  lifeboats  and  tugs  received  £Z,W<i.  This  one  .ssiving  alone  is 
pi-obably  sufficient  in  amount  to  equip  all  the  light-ships  round  England 
with  wireless  telegraph  apparatus  more  than  ten  times  over.  The  sys- 
tem lias  also  been  in  constant  use  for  the  official  comumnication  between 
the  Trinity  House  and  the  ship,  and  is  also  used  daily  by  the  men  for 
private  communication  with  their  families,  ct<^ 

It  is  difficult  to  believe  that  any  person  who  knows  that  wireless 
telegraphy  has  been  in  use  between  this  light-ship  and  the  South  J^re- 
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land  day  and  night,  ii>  storm  and  sunshine,  in  fog  and  in  jjales  of  wind, 
without  breaking  down  on  any  single  occasion,  can  Iwlicv)*  or  Iw  justi- 
fied in  saying  that  wireless  telegraphy  is  untrustworthy  or  uncertain  in 
operation.  The  light-ship  installation  is,  be  it  remembered,  in  a  small 
damp  ship,  and  under  conditions  which  try  the  system  to  the  utmost. 
I  hope  that  lieforc  long  the  necessary  funds  will  be  at  the  disposal  of 
the  Trinity  House  authorities,  in  order  that  coiumunicatiun  may  be 
established  between  other  light-ships  and  light-houses  and  the  shore, 
by  which  millions  of  pounds'  worth  of  property  and  thousands  of  lives 
may  Ije  saved. 

At  the  end  of  March,  1899,  by  arrangement  with  the  French 
Government,  communication  was  estjibltshcd  between  the  South  Fore- 
land light-house  and  Wimereux,  near  Boulogne,  over  a  distance  of  30 
■  miles,  and  various  interesting  testa  were  n(a<le  between  these  stations 
and  French  war  ships.  The  maximum  distance  obtained  at  that  time, 
with  a  height  of  about  100  feet  on  the  ships,  was  42  miles.  The  com- 
mission of  French  naval  and  military  officers  who  were  appointed  to 
supervise  these  experiments,  and  report  to  their  (Jovernment,  were 
in  almost  daily  attendance  on  the  one  coast  or  the  other  for  sevemi 
weeks.  They  became  intensely  interested  in  the  (iperations.  and  I 
have  good  reasons  to  know  made  satisfactory  rcportfi  to  their  CJovern- 
ment.  1  can  not  allow  this  opportunity  to  pass  witiiont  twaring 
willing  testimony  to  the  courtesy  and  attention  which  characterised 
all  the  dealings  of  these  French  gentlemen  with  myself  and  staff. 

The  most  interesting  and  complete  tests  of  the  system  at  sea  were, 
however,  made  during  the  British  naval  maneuvers.  Three  ships  of 
the  "B"  fleet  were  titted  up— the  flagship  Al>:rnndrti  and  the  cruisers 
Jiino  and  Eiinipa.  I  do  not  consider  myself  quite  at  liberty  to 
describe  all  the  various  tests  to  which  the  system  was  put,  but  I 
believe  that  never  before  were  Hertzian  waves  given  a  more  difficult 
or  responsible  task.  During  these  maneuvers  I  had  the  pleasure  of 
being  on  board  the  Jnnu,  my  friend,  C'aptain  Jackson,  R.  N.,  who  hud 
done  some  very  good  work  on  the  subject  of  wireless  telegraphy 
before  1  had  the  pleasure  of  meeting  him,  being  in  command.  With 
the  Juno  there  was  usually  a  small  s(|uadron  of  cruisers,  and  all 
oi-ders  and  communications  were  transmitted  to  the  J\mo  from  the 
flagship,  the  Junu  repeating  them  to  the  ships  around  her.  This 
enabled  evolutions  to  be  carried  out  even  when  tlic  flagship  was  out 
of  sight.  This  would  have  been  impossible  by  means  of  flags  or 
semaphores.  The  wii'eless  installations  on  th('.-<e  battleships  were  kept 
going  night  and  day,  mont  important  maneuvers  being  carried  out 
and  valual)le  information  telegraphed  to  the  admiral  when  neces-sary. 

The  greatest  distance  at  wliich  service  messages  were  sent  wus 
60  nautical  miles,  between  the  Europa  and  the  Juno,  and  45  miles, 
between  the  Juno  and  the  Alexandra.    This  was  not  the  maximuiu 
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distance  actually  obtained,  Imt  tho  distance  at  which,  under  all  c 
stances  and  condttion-s,  tlu^  sypitoiii  could  be  relied  upon  for  certain  and 
regular  ti-an.srnis.sion  of  service  messages.  During  toasts  me«!>^eti 
were  obtained  at  no  less  than  74  nautical  miles  (85  land  mileii). 

As  to  the  opinion  which  nuval  expcits  have  amved  at  concerning 
this  new  method  of  conunitnication,  1  need  only  refer  to  the  letters 
published  by  naval  officers  and  expertii  in  the  columns  of  The  Times 
during  and  after  the  period  of  the  autumn  maneuvers,  and  to  the  fact 
that  the  admiralty  are  taking  steps  to  introduce  the  system  into  general 
use  in  the  navy. 

As  you  will  probably  remember,  victory  was  gained  by  the  "B" 
fleet,  and  jwrhaps  I  may  venture  to  suggest  that  the  facility  which 
Admiral  Sir  Compton  Domville  bad  of  u.sing  the  wireless  telegi-aph  in 
all  weathers,  both  by  day  and  night,  contributed  to  the  success  of  his 
operations. 

Commander  Statham,  R.  N.,  has  published  a  very  concise  descrip- 
tion of  the  results  obtained  in  the  Army  and  Navy,  illustrated,  and  I 
think  it  will  be  interesting  if  I  read  a  short  extract  from  the  admii-ahle 
description  he  has  published: 

"When  tho  i-eseiTe  fleet  first  assembled  at  Tor  Bay,  the  ^ntw  was 
sent  out  day  by  day  to  communicate  at  various  distances  with  the  flag- 
ship, and  tlie  range  was  speedily  increased  to  over  30  miles,  ullimatefy 
reaching  something  like  60  miles.  At  Milford  Haven  the  Eumjia  was 
fitted  out,  the  iii-st  stt^p  Iwing  the  secunng  to  the  main  topmast  bead 
of  a  hastily  pi'cpared  spar  carrying  a  small  gaff  or  sprit,  to  which  was 
attached  a  wire,  which  was  brought  down  to  the  starboard  side  of  the 
quarter-du'k  through  an  insulator  and  into  a  roomy  deck  house  on  the 
lower  afterbridge  which  contained  the  various  instruments. 

'•When  hostilities  commenced,  the  Ewropa  was  the  leading  ship  of  a 
squadron  of  7  cruisers  dispatched  to  look  for  the  convoy  at  the  ren- 
dezvous. The  Juiii)  was  detached  to  act  as  a  link  when  necessary  and 
to  scout  for  the  enemy,  and  the  flagship  of  coui-se  lemained  with  the 
slower  battle  squadron.  The  Kuropa  was  in  direct  communication 
with  the  flagship  long  after  leaving  Milford  Haven,  the  gap  iwtween 
reaching  to  30  or  40  miles  before  sne  lost  touch  while  steanung  ahead 
at  a  fast  speed.  (This  difference  between  the  ranges  of  communication 
on  these  ships  was  owing  to  the  Juno  having  a  nigher  mast  than  the 
Alexandra.) 

"Reaching  the  convoyat  4  o'clock  one  afternoon,  and  leaving  it  and 
the  several  cruisers  in  charge  of  the  senior  captain,  the  Enroyti  hast- 
ened back  toward  another  rendezvous,  where  the  admiral  had  mtended 
remaining  until  he  should  hear  whether  the  enemy  had  found  and 
captured  the  convoj"  but  scarcely  had  she  got  well  ahead  of  the  slow 
ships  when  the  Juno  called  her  up  and  announced  the  admiral  coming 
to  meet  the  convoy.  The  Juno  was  at  this  time  fully  60  miles  distaut 
from  the  Exmijm, 

"Now  imagme,"  says  Commander  Statham,  "a  chain  of  vessels  60 
miles  apart.  Only  five  would  bo  necessarv  to  communicate  some  vital 
piece  of  intelligence  a  distance  of  300  miles,  receive  in  return  their 
instructions,  and  act  immediately  all  in  the  course  of  half  an  hour  or 
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less.  This  is  possible  ali-eady.  Doubtless  a  vast  deal  more  will  be 
done  in  a  year  or  two  or  less,  and  meanwhile  the  authorities  should  be 
making  all  necessary  arrangements  for  the  universal  application  of 
wireless  telegraphy  in  the  navy." 

The  most  important  results,  from  a  technical  point  of  view,  obtained 
during  the  maneuvei"s  were  the  proof  of  the  gi-ejit  increa-ie  of  distance 
obtained  by  employing  the  tmnsformer  in  the  receivei',  as  already 
explained,  and  also  that  the  curvature  of  the  earth  which  intervened, 
however  great  the  distance  attained,  was  appaivntly  no  obstjicle  to  the 
transmission.  The  maximum  height  of  the  top  of  the  wire  attached 
to  the  instruments  above  the  water  did  not  (»n  any  occasion  exceed  170 
feet,  but  it  would  have  been  geometrically  necessary  to  have  had  masts 
700  feet  high  on  each  ship  in  order  that  a  straight  line  lietween  their 
tops  should  clear  the  curved  surface  of  the  sea  when  the  ships  were  60 
nautical  miles  apart.  This  shows  that  the  Hertzian  waves  had  either 
to  go  over  or  round  the  dome  of  water  530  feet  higher  than  the  tops  of 
the  masts,  or  to  pass  through  it,  which  latter  coui-se  1  believe  would 
be  impossible. 

Some  time  after  the  naval  maneuvers,  with  a  view  to  showing  the 
feasibility  of  communicating  over  considerable  distances  on  land,  it  was 
decided  to  erect  two  stations,  one  at  Chelmsford  and  another  at  Har- 
wich, the  distance  between  them  being  40  miles.  These  installations 
have  been  working  regularly  since  last  September,  and  my  experi- 
ments and  impi'oveuients  are  continually  1>eing  carried  out  at  Chelms- 
ford, Harwich,  Alum  Bay,  and  North  Haven,  Poole. 

In  the  month  of  September  last,  during  the  meetings  of  the  British 
Association  in  Dover  and  of  the  Association  Franyaiso  pour  I'avance- 
ment  de  Science  in  Boulogne,  a  temporary  installation  was  fixed  in  the 
Dover  town  hall,  in  order  that  menilwi's  present  should  see  the  practi- 
cal working  of  the  system  between  England  and  France.  Me-^sages  were 
exchanged  with  ease  l>etween  Wimcreux,  near  Boulogne,  and  Dover 
town  hall.  In  this  way  it  was  possible  for  the  members  of  the  two  asso- 
ciations to  converse  across  the  channel,  over  a  distance  of  30  miles. 

During  Professor  Fleming's  lecture  on  the  Centenary  of  the  Electric 
Current,  messages  were  ti-ansmitted  direct  to  and  received  from  France, 
and  via  the  South  Foreland  light-house  to  the  East  (joodwin  light- 
ship. An  interesting  point  was  that  it  was  demonstrated  that  the 
great  masses  of  the  Castle  Hock  and  South  Foi-eland  cliffs  lying 
l>etween  the  town  hall,  Dover,  and  the  light-house  did  not  in  the 
least  degree  interfere  with  the  tmnsmission  of  signals.  The  result 
was,  however,  by  no  means  new.  It  only  confirmed  the  results  of 
many  previous  experiments,  all  of  them  showing  that  rock  masses  of 
very  considei-able  size  intervening  between  two  stations  do  not  in  the 
least  affect  the  freedom  of  communication  by  ether  wave  telegraphy.' 

■See  Jourii&l  of  the  Institution  of  KlL'<^trical  Engineers,  April,  1890,  p.  280.  ^1^ 
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It  was  during  those  tosts  that  it  wa.s  found  possible  to  communicate 
direct  from  Wimcreux  to  Harwich  or  Chelmsford,  the  intervening 
distance  being  85  miles.  This  result  waa  published  in  a  letter  from 
Professor  Fleming  addressed  to  the  Electrician  on  September  29.  The 
distance  from  Wimereux  to  Harwich  is  approximately  85  miles,  and 
from  Wimereux  to  Chelmsford  also  85  miles,  of  which  30  miles  are 
over  sen  and  55  over  land.  The  height  of  the  poles  at  these  stations 
was  150  feet,  but  if  it  had  been  necessary  for  a  line  drawn  between  the 
tops  of  the  musts  to  clear  the  curvature  of  the  earth,  they  would  have 
had  to  have  bi>en  over  1,000  feet  high,  1  give  these  results  to  show 
what  satisfactory  progress  is  being  made  with  this  system. 

In  America  wireless  telegraphy  was  used  to  report  from  the  high 
seas  the  progress  of  the  yachts  in  the  international  yacht  race,  and  1 
think  that  occasion  holds  the  record  for  work  done  in  a  given  time, 
over  4,000  words  being  transmitted  in  the  spa<ie  of  leas  than  five  hours 
on  several  ditferent  days. 

Some  tests  were  carried  out  for  the  United  States  Navy ;  but,  owing 
to  insufficient  apparatus,  and  to  the  fa*'t  that  all  the  latest  improve- 
ments had  not  been  protected  in  the  United  States  at  that  time,  it  was 
impossible  to  give  the  authorities  there  such  a  complete  demonsti-ation 
as  was  given  to  the  British  authorities  during  the  naval  maneuvers. 
Messages  were  transmitted  between  the  battle  ship  3fa«mc/i>i^fti<  mid 
the  cruiser  iV«/f  Vork  up  to  a  distance  of  36  miles. 

A  few  days  previous  to  my  departure  from  America  the  war  in  South 
Africa  broke  out.  Some  of  the  officialsof  the  American  line  suggested 
that,  as  a  permanent  installation  existed  at  the  Needles,  Isle  of  Wight, 
it  would  be  a  great  thing,  if  possible,  to  obtain  the  latest  war  news 
before  our  arrival  on  the  'St.  Paid  at  Southampton.  I  readily  con- 
sented to  tit  up  ray  instruments  on  the  jS(.  Paul,  and  succeeded  in  call- 
ing up  the  Needles  stjition  at  a  distance  of  06  nautical  miles  By  means 
of  wireless  telegraphy,  all  the  imiwiiant  news  was  transmitted  to  the 
St.  Paul  while  she  was  underway,  steaming  20  knots,  and  messages 
were  despatched  to  sevenil  places  by  pjissengei-s  on  board.  News  was 
collected  and  printed  in  a  small  paper  called  the  Transatlantic  Times 
several  hours  liofore  our  arrival  at  Southampton. 

This  was,  I  believe,  the  tii-st  instance  of  the  passengers  of  a  steamer 
i-eceiving  news  while  several  miles  from  land,  and  seems  to  point  to  a 
not  far  distant  prospect  of  passengers  maintaining  direct  and  regular 
communication  with  the  land  they  arc  leaving  and  with  the  land  they 
are  approaching,  by  means  of  wireless  telegraphy. 

At  the  tardy  request  of  the  war  office,  we  sent  out  Mr,  BuIIockc 
and  five  of  our  assistants  to  South  Africa.  It  was  the  intention  of 
the  war  office  that  the  wireless  telegraph  should  only  be  used  at 
the  base  and  on  the  railways,  but  the  ofiicers  on  the  spot  realized 
that  it  could  only  be  of  any  pmcticul  use  at  the  front.  They  there- 
fore asked  Mr.  Bullocke  whether  he  was  willing  to  go  to  the  front 
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Aa  the  whole  of  the  aasiHtante  voluoteered  to  go  anywhere  with 
Mr.  Bullocke,  theii-  nerviees  were  accepted,  and  on  December  11  they 
moved  up  to  the  camp  at  De  Aar,  But  when  they  arrived  at  De  Aar, 
they  found  that  no  arrangements  had  been  made  to  supply  pole»,  kites, 
or  balloons,  which,  as  you  all  know,  are  an  essential  part  of  the 
apparatus,  and  none  could  be  obtained  on  the  spot.  To  get  over  the 
difficulty,  they  manufactured  some  kites,  and  in  this  they  had  the 
hearty  assistance  of  two  officers,  viz,  Major  Baden-Powell  and  Captain 
Kennedy.  R.  E..  who  have  often  helped  me  in  my  experiments  in 
England.  (Major  Baden-Powell,  it  will  be  remembered,  is  a  brother 
of  the  gallant  defender  of  Mafeking.) 

The  results  which  they  obtained  were  not  at  first  altogether  satis- 
factory, but  this  is  accounted  for  by  the  fact  that  the  working  was 
attempted  without  poles  or  proper  kites,  and  afterwards  with  poles  of 
insufficient  height,  while  the  use  of  the  kites  was  very  difficult,  the 
kites  being  manufactured  on  the  spot  with  very  deficient  material. 
The  wind  being  so  variable,  it  oft«n  happened  that  when  a  kite  was 
flying  at  one  station  there  was  not  enough  wind  to  fly  a  kite  at  the 
other  station  with  which  they  were  attempting  to  communicate.  It  is 
therefore  manifest  that  their  partial  failure  was  due  to  the  lack  of 
proper  preparation  on  the  part  of  the  local  military  authorities,  and 
has  no  bearing  on  the  practicability  and  utility  of  the  system  when 
carried  out  under  normal  conditions. 

It  was  reported  that  the  difficulty  of  getting  through  from  one 
station  to  another  was  due  to  the  iron  in  the  hills.  If  this  had  not 
been  cabled  from  South  Africa,  it  would  hardly  be  credible  that  any 
one  should  have  committed  himself  to  such  a  very  unscientific  opinion. 
As  a  matter  of  fact,  iron  would  have  no  greater  destructive  effect  on 
these  Hertzian  waves  than  any  other  metal,  the  rays  apparently  get- 
ting very  easily  around  or  over  such  obstacles.  A  fleet  of  30  ironclads 
did  nut  affect  the  rays  during  the  naval  maneuvers,  and  during  the 
yacht  race  I  waa  able  to  transmit  my  messf^cs  with  absolute  success 
across  the  very  high  buildings  of  New  York,  the  upper  stories  of 
which  are  iron. 

However,  on  getting  the  kites  up,  they  easily  communicated  from 
De  Aar  to  Orange  River,  over  a  distance  of  some  70  miles,  I  am  glad 
to  say  that,  from  later  information  received,  they  have  been  able  to 
obtain  poles,  which  although  not  quite  high  enough  for  long  distances 
are  sufficiently  useful.  We  have  also  sent  a  number  of  Major  Baden- 
Powell's  kites,  which  are  the  only  ones  I  have  found  to  be  of  real 
service. 

Stations  have  been  established  at  Modder  River,  Enslin.  Belmont, 
Orange  River,  and  De  Aar,  which  work  well  and  will  be  invaluable  in 
case  the  field  telegraph  line  connecting  these  positions  should  be  cut 
by  the  enemy. 

It  is  also  satisfactory  to  imtc  that  the  military  authorities  have 
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latelj'  arranged  to  supply  small  balloons  to  my  assistants  for  portable 
installations  on  service  wapfons. 

While  1  admire  the  determination  of  Mr.  Bullocke  and  our  asi^istants 
in  tbeir  endeavor  to  do  the  very  best  they  could  with  most  imperfect 
local  means,  I  think  it  only  right  to  say  that  if  I  had  Ijeen  on  the  spot 
myself  I  should  have  refused  to  open  any  litation  until  the  officers  had 
provided  the  means  for  elevating  the  wire,  which,  as  you  know,  is 
essential  to  success. 

Mr.  Bullocke  and  another  of  our  assistants  in  South  Africa  have  been 
transferred,  with  .some  of  the  apparatus,  to  Natal  to  join  General  Bui- 
ler's  forces,  and  it  is  likely  that  before  the  campaign  is  ended  wireless 
telegraphy  will  have  proved  its  utility  in  actual  warfare.  Two  of  our 
assistants  bravely  volunteered  to  take  an  installation  through  the  Boer 
lines  into  Kimbcrley;  but  the  military  authority  did  not  think  (it  to 
grant  them  permission,  as  it  probably  involved  too  great  a  risk. 

What  the  bearing  on  the  campaign  would  have  been  if  working 
installations  had  been  established  in  Ladysmith,  Ktmberley.  and 
Mafeking  before  they  were  Iiesieged,  1  leave  military  strategists  to 
state.  J  am  sure  you  will  agree  with  me  that  it  is  much  to  be  regretted 
that  the  system  could  not  be  got  into  these  towns  prior  to  the  com- 
mencement of  hostilities. 

1  find  it  hard  to  Ijelievethat  the  Boers  possess  any  workable  instru- 
ments. Some  instruments  intended  for  them  were  seized  l)y  the 
authorities  at  Cape  Town.  These  instruments  turned  out  to  have  been 
manufactured  in  Germany.  Our  assistants,  however,  found  that  these 
instruments  were  not  workable,  I  need  hai-dly  add  that  as  no  appa- 
ratus has  been  supplied  by  us  to  anyone,  the  Boers  can  not  possibly 
have  obtained  any  of  our  instruments. 

I  have  spoken  at  great  length  about  the  things  which  have  l)een 
nccomplbhed.  I  do  not  like  to  dwell  upon  what  may  or  will  }n)  done 
in  the  immediate  or  more  distant  future,  but  there  is  one  thing  of 
which  1  am  confident,  viz,  that  the  progress  made  this  year  will 
gi'eatly  sui-pass  what  has  been  accomplished  during  the  lust  twelve 
months;  and,  speaking  what  I  believe  to  be  sober  sense,  I  say  that  by 
means  of  the  wireless  telegraph,  telegrams  will  be  as  common  and  as 
much  in  daily  use  on  the  sea  as  at  present  on  land. 


[Mr.  Marconi's  experiments  in  ti-ans-Atlantic  telegraphing  were  thus 
descril)ed  in  the  New  York  Herald  of  Sunday,  Docemljer  1,5,  and 
Tuesday,  December  17,  litOl: 

IKilni.:!  fr.mi  New  Vork  HomUl.  Dui-ember  lA  1901.] 

St.  .Toiins,  Newfoundland,  Saturday,  December  1j^ 
Mr.  Marconi  announced  to-day  that  he  has  successfully  received  by 
wireless  telegraphy,  at  the  station  on  Signal  Hill,  messages  from  the 
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station  recently  erected  near  the  Lizard,  in  Cornwall,  England.  These 
medsagciii,  Mr.  Marconi  said,  were  received  on  Wednesday  andThui-s- 
day  aiternoons.  He  had  arranged  with  the  Cornwall  station  that  the 
letter  "S"  was  to  be  ^signaled  at  6  o'clock  in  the  evening,  which  would 
be  half-past  2  o'clock  here,  and  »ignal»  were  received  as  arranged  on 
Wednesday  and  Thursday,  though  no  signal  came  yesterday  or  to-day. 

MR.    MARCONI    DKSCRIBES   THE   TEST. 

"1  thought  it  advisable,"  said  Mr.  Marconi,  "with  the  niachinery 
which  had  escaped  damage  at  Cornwall,  to  see  whether  it  was  possible 
to  obtain  signals  here  from  England  at  the  same  time  I  tried  experi- 
ments with  trans-Atlantic  liners. 

"  When  the  kite  elevated  the  wire  to  a  height  of  400  feet  above  Sig- 
nal Hitl  on  Wednesday  a  number  of  signals,  eonsisting  of  the  letter 
'S,'  which  signal  was  ordered  to  be  sent  fi-om  Cornwall,  were  clearly 
received  on  iSignal  Hill  by  the  receiving  instruments.  We  again 
received  the  signals  perfectly  on  Thursday. 

"The  signals  were  obtained  only  when  the  kite  was  up  to  a  consid- 
erable height.  For  some  reason  yesterday  nothing  was  rei-eived,  and 
to-day  we  could  not  get  the  kite  up  on  account  of  the  weather.  It  has 
been  blowing  too  heavily  every  day  for  balloons,  which  would  l>e  beat 
to  experiment  with. 

SUCCESS   HAS   ALTERED   HIS    PLANS. 

"The  success  of  these  teats  will  alter  my  plans.  I  intend  to  sus- 
pend further  tests  with  kites  and  balloons  for  a  short  time  and  erect  a 
large  station  here,  at  a  cost  of  $5(1,000,  having  towers,  or  ma.'«ts,  for 
supporting  wires.  This,  of  course,  provided  there  is  no  governmental 
or  other  objection.  This  will  necessitate  my  going  back  to  England 
at  the  end  of  next  week  in  order  to  have  the  necessary  equipiiientj) 
£cnt  here,  with  suitable  transmitting  machinery  and  other  require- 
mv>nts. 

"By  that  time  I  hope  to  have  the  Cape  Cod  Station  in  working 
order  again,  so  as  to  complete  a  regular  triangular  service.  No 
doubt  tne  success  of  my  experiments  here  will  cause  a  sensation  in 
telegraphic  circles,  and  many  will  find  it  difBcult  to  Ix-lieve  it, 

"1  myself  had  very  little  doubt  as  to  our  ultimate  suecess,  but  I 
thought  it  advisable  not  to  communicate  befq#-ehand  the  exact  scope  of 
these  tests,  as  I  considered  it  would  be  letter  to  assure  myself  of  suc- 
cess before  publishing  details  even  of  installations  at  (>>rnwall  and 
Cape  Cod,  and  what  we  hoped  to  accomplish  by  them.  It  is  right, 
however,  that  the  public  should  now  know  of  the  grand  result  of  my 
experiments  here. 

"I  hope  in  the  course  of  a  few  months  to  have  a  system  of  direct 
communication  across  the  Atlantic  in  working  order,  and  it  can  then 
be  easily  ascertained  whether  the  discovery  is  of  practical  use  for 
commereial  and  other  purposes.  I  have  no  doubt  in  the  matter,  but 
I  am  content  to  wait  anu  let  events  prove  that  I  am  correct  in  nij- 
belief. 

"The  instruments  I  have  at  present  are  extremely  sensitive,  and  I 
am  of  the  opinion  that  in  order  to  make  the  signals  absolutely  reliable 
it  will  be  necessarv  to  arrange  for  more  power  at  the  sending  station 
in  Cornwall,  whicli  I  will  armnge  for  on  my  return  to  England." 
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Mr.  Marconi's  company  about  a  year  ago  decided  to  put  up  two 
very  large  stations,  at  a  cost  of  $70,fK)0  each,  at  (kpc  Cod,  Massachu- 
setts, and  near  the  Lizard,  in  Cornwall,  England,  the  object  being  to 
ascertain  how  much  an  application  of  a  large  amount  of  power  would 
increase  the  practical  distance  by  which  it  is  possible  to  communicate 
by  wireless  t«legmphy. 

The  stations  in  Cornwall  and  Cape  Cod  consisted  of  heavy  machinery 
and  20  poles,  210  feet  high,  supporting  a  large  number  of  vertical 
wires.  The  station  in  Cornwall  was  practicallv  destroyed  during  a 
heavy  gale  in  September,  and  was  only  partially  renewed.  It  will 
not  be  completely  repaiivd  for  another  two  or  three  months.  The 
Cape  Cod  Station  was  also  damaged  recently. 

St.  Johns,  Newfoundland.  Saturday. 

Confirm  that  signals  were  received  here  Thursday  and  Friday  direct 
from  Cornwall,  receiving  wire  suspended  from  a  kite. 

Mabconi. 

[Fiom  the  New  YorK  Herald,  December  IT,  IWl.] 

To  the  Editor  of  the  N'cw  York  Hirald: 

I  have  to  confirm  the  dispatch  of  your  correspondent  regarding  the 
receipt  by  me  heie  of  signals  direct  from  Cornwall.  The  exact  par- 
ticulars are  as  follows: 

Before  leaving  England  I  arranged  for  our  long  distance  station  near 
the  Lizard  to  signal  me  the  letter  "S"  rjpeatediy  for  three  hours 
when  1  had  advised  them  that  I  was  ready  to  receive  the  same.  1 
cabled  on  Monday  that  all  was  in  readiness  and  asked  the  signal  to  be 
sent  at  short  intervals  between  3  o'clock  and  (i  o'clock,  (Jreenwich 
time,  and  to  be  continued  each  day  until  ordered  to  stop.  This  time 
would  cori-espond  approximately  with  half  past  11  to  half  past  2  here. 

I  received  on  Thursdav  indications  of  the  signals  at  half  past  12,  and 
with  certainty  and  unmistakable  clearness  at  10  minutes  after  1  quite 
a  succession  of  "S"  being  received  with  distinctnes.?.  A  further  num- 
ber were  received  at  20  minutes  after  2,  the  latter  not  so  good.  Sig- 
nals were  received  Friday  at  28  minutes  after  1  o'clock,  but  not  so 
distinct  as  on  Thursday. 

I  am  of  the  opinion  that  the  reasons  why  1  did  not  obtain  continuous 
results,  were:  First,  the  fluctuations  in  tlie  height  of  the  kite,  which 
suspended  the  aerial  wire;  and  second,  the  extreme  delicacy  of  my 
receiving  instruments,  which  were  very  sensitive  and  had  to  t>e  adjusted 
repeatedly  during  the  course  of  the  experiments. 

When  a  permanent  station  is  installed  here  I  will  not  be  dependent 
upon  fluctuations  of  the  wind,  and  I  am  contident  of  making  the  -signals 
strong  and  reliable — that  is,  not  requiring  such  delicate'and  sensitive 
receivmg  instruments  by  employing  much  greater  power  at  the  sending 
station. 

I  must  go  immediately  to  England  to  make  arrangements  for  employ- 
ing more  power  at  the  sending  station,  and  I  trust  in  a  very  short  time 
to  establish  communication  between  the  two  continents  in  a  thoroughly 
reliable  and  commercial  manner. 

Mahcon!.] 

St.  Johns,  Newfoundland,  Deeemher  16,  1901. 
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TRANSATLANTIC  TELEPHONINO.' 

THE    REMARKABLE    INVENTION    BY   1*IIICII    DR.    M.    I.    PUPIN    HAS   REVO- 
LUTIONIZED THE   TRANSMISSION    OF   ELECTRICITY. 


By  William  A.  Anthony, 

Former  Prmdeni  of  the  American  InxtHule  'if  Electrical  En^ruerti. 


At  last  the  problem  of  telephoning  over  long-distance  lines  and 
ocean  cables  has  been  solved,  and  we  may  hope  soon  to  be  able  to  talk 
acro-^s  the  ocean  and  recognize  the  voice  of  a  friend  as  he  replies  to  iis 
from  lA)ndou  or  Paris. 

Dr.  M.  I.  Pupin,  of  Columbia  Universitj',  after  years  of  patient 
lal>or,  has  ffointcd  out  the  way  where  others  had  failed,  and  has  accom- 
plished what  many  had  believed  to  be  impossible. 

To  appreciate  the  importance  of  what  Dr.  Pupin  has  done,  it  is  well 
to  contrast  the  two  problems  of  transmitting  telegraph  messages  on 
the  one  hand,  and  of  transmitting  telephone  messages  on  the  other. 
In  tmnsmitting  a  tch^graph  message,  the  sender  closes  and  opens  a  key 
that  maki's  and  breaks  an  electric  circuit,  sending  to  the  line  electric 
im[>uls<'s  that  magnetize  little  pieces  of  soft  iron,  and  so  operate  a 
lever  In  the  receiving  instrument  in  unison  with  the  key.  The  alpha- 
bet i."  a  combination  of  dots  and  dashes.  When  the  key  is  closed  for 
an  instant  only,  a  very  short  electric  impulse  travels  along  the  line, 
causing  a  momentary  attiuction  and  depression  of  the  lever,  which  is 
recognized  as  a  dot.  When  the  key  is  held  closed  for  a  little  time  the 
lever  is  held  down  for  a  corresponding  period  and  records  a  dash. 
When  the  line  is  long  and  the  electric  impuUcs  iM-come  weak,  so  that 
the  lever  responds  feebly,  a  new  source  of  current  is  introduced;  a 
new  "circuit''  is  established,  extending  on  to  the  more  distant  point, 
and  the  lever  of  the  receiving  instrument  in  the  first  circuit  is  made  to 
open  and  close  this  second  cii-cuit  exactly  as  did  the  kej'  at  the  begin- 
ning. So  the  message  is  given  to  the  new  circuit  with  renewed  energj', 
and  goes  on  again  to  produce  a  legible  record  at  double  tlie  distance 
from  the  sending  station.     When  the  receiving  instrument  is  made 

•Reprinted,  by  courtesy  of  Doubledav,  Page  &  Ui>.,  from  Every  body' a,  Magaiine, 
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thu»  to  open  and  close  a  new  circuit,  it  is  called  a  repeater,  and  on  n 
land  line  such  repeaters  may  be  introduced  as  often  as  niay  be  neces- 
sary to  transmit  the  message  us  far  as  we  please. 

On  an  ocean  cable,  however,  it  is  imixjssible  to  introduce  repeaters, 
and  the  only  thing  to  be  done  is  to  construct  receiving  instrument*  of 
extreme  delicacy,  capable  of  responding  to  the  greatly  enfeebled  elec- 
tric impulses.  But  the  impulses  on  an  ocean  cable  are  not  merely 
enfeebled.  There  is  another  difficulty  more  serious  still.  In  conse- 
quence of  what  i.s  called  the  capacity  of  the  cable,  the  impulses  are 
spread  out  or  prolonged,  so  that  a  momentary  impulse  started  at  the 
sending  end  reaches  the  receiving  end  much  prolonged.  It  may  help 
to  an  understanding  of  what  takes  place  if  we  consider  a  case  more  in 
line  with  every  day  experience.  Suppose  we  try  to  transmit  messages 
by  sending  puffs  of  air  into  a  long  tube.  It  is  evident  that  we  should 
succeed  better  if  the  tulw  be  narrow  than  if  it  be  widened  into  a 
chamber  of  considerable  capacity  where  the  puffs  .sent  into  the  tube 
would  make  little  impression,  and  where  they  would  find  room  to 
spread  out  and  Wcome  not  only  enfeebled,  but  prolonged.  An  ocean 
cable  is  just  such  a  chamber  or  reservoir  for  electric  impulses.  It  has 
a  large  capacity  for  an  electric  charge.  Such  impulses  as  we  use  on 
land  lines  make  little  impression  upon  it,  and  such  effects  aa  are  pro- 
duced at  the  receiving  end  are  so  prolonged  that  they  lose  all  their 
character  as  dots  and  dashes.  It  is  possible,  however,  to  adopt  our 
sending  to  this  condition.  We  can  wait.  We  can  allow  a  sufficient 
interval  between  the  succes(*ive  impulses  to  give  time  for  each  to  pro- 
duce its  effect  at  the  receiving  end.  On  an  ocean  cable  we  can  tele- 
graph, but  we  must  telegraph  slowly. 

Very  different  is  the  problem  of  transmitting  speech.  Everyone 
knows  that  audible  .sound  i."  the  result  of  vibi-Utions  in  the  air.  The 
differences  that  we  recognize  between  sounds  must  be  due  to  differences 
between  these  vibrations  or  sound  waves.  To  each  sound  must  corre- 
spond its  own  sound  wave,  distinctly  different  from  all  the  others. 
It  is  wonderful,  even  when  the  air  alone  is  the  medium,  that  these  dis- 
tinctive differences  should  be  preserved  and  that  we  should  be  able  to 
recognize  such  a  great  variety  of  sounds.  It  is  still  more  wonderful 
when  we  study  the  sound  waves  and  find  in  what  small  differences  the 
distinction  lietween  different  sounds  consists.  Far  more  wonderful 
still  is  it  when  we  consider  all  that  miwt  take  place  in  the  several  trans- 
formations between  the  sjicaker  and  the  hearer  when  sound  is  trans- 
mitted by  telephone. 

We  speak  against  a  thin  sheet-iron  disk  a  little  larger  than  a  dollar. 
The  vibration  is  communicated  to*  the  disk,  and  this,  through  a  deli- 
cately adjusted  mechanism,  gives  rise  to  electric  waves  whi<h  traverse 
the  wire  and.  in  the  receiving  instrument,  produce  vibrations  in  another 
disk,  which  coumiunicates  them  to  the  air  and  so  to  the  car.     Through 
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these  various  transfommtioiis  all  the  diMtinctive  chara«'teri8tic8  of  the 
sound  muKt  bo  preserved.  The  vibrations  of  the  transmitter  disk,  the 
electric  waves  that  traverse  the  wire,  the  vibrations  produced  in  the 
receiver  disk,  must  retain  all  the  clementi*  that  characterized  the  orijfi- 
nal  \'oeal  sounds.  This  iini.st  l>e,  or  we  could  not,  as  we  do.  recognize 
not  only  the  spoken  woixls,  hut  the  tone  and  modulations  of  the  voice, 
and  even  the  mood  of  the  speaker.  The  imperfections  <if  electrical 
conductors  not  only  tend  to  enfeeble,  but  to  distort  the  electric  waves, 
and  a  little  distortion  is  sufficient  to  change  the  character  of  the  sound 
as  it  is  reproduced,  and  render  it  unrecognizable.  What  is  meant  by  a 
distorted  wave  may  be  seen  from  tig.  1,  where  a  may  represent  a 
wave  as  given  to  a  telephone  line,  and  i,  c.  d  the  same  wave  which  has 
become  distorted  by  a  change  in  the  relation  of  its  elements  during 
transmission;  d  would  hardly  be  recognized  as  having  anything  in 
with  a. 


Let  us  consider  a  little  further  the  effect  of  the  conducting  line 
upon  the  waves  that  trun.smit  speech.  Speak  the  words  '"soap"  and 
"soup."  -"mine"  and  "mean."  How  do  you  make  the  distinction! 
By  a  little  more  or  less  opening  of  the  mouth,  and  a  little  more  or  less 
pursing  of  the  lips.  Helmholtz  has  shown  us  in  what  resjiect  the 
corresponding  sound  waves  differ.  It  appears  that  it  is  only  in  the 
little  waves  superimposed  upon  the  main  wave,  in  the  little  ripples, 
so  to  speak,  on  the  surface  of  the  larger  wave.  The  wave  for  the 
"ou"  in  "soup"  might  look  like  this: 


And  the  wave  for  the  "  o"  in  "  soap,"  like  this: 
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The  ear  distinguishes  the  difference  between  these  muph  l>ctt«r  than 
the  eye. 

The  effect  of  the  long  telephone  line  upon  these  waves  ts  something 
like  this: 


The  little  ripples  that  distinguish  the  sounds  dip  out  before  the 
main  wave.  Such  changes  as  these  render  repeaters  useless  on  a  tele- 
phone wire,  for  no  repeater  can  restore  characteristics  that  have 
already  been  lost.  On  an  ocean  cable  this  dying  out  occurs  more 
quickly  than  on  a  land  line;  and,  besides,  the  main  wave  is  distorted 
and  flattened  so  as  to  lose  its  identity  altogether. 

ThiM  wiis  the  situation  in  long-distance  telephony  when  Dr.  Pupin 
attaolted  the  problem  six  or  seven  years  ago.  While  tramping 
through  Switzerland  in  IS'Jl  he  impi-oved  his  spare  moments  by  read- 
ing Lord  Rayleigh  on  the  theory  of  sound.  That  part  relating  to  the 
vibration  of  strings  led  him  to  consider  the  telephone  problem.  Sup- 
pose a  long  string  attached  to  a  mechanism  which  can  onh'  be  operated 
by  transverse  jerks  of  the  string.  If  the  end  of  the  string  at  »  dis- 
tance from  the  mechanism  be  moved  back  and  forth,  waves  will  travel 
along  it,  and  may  supply  the  jerks  re<iuired  to  operate  the  mechanism. 
But  if  the  string  be  very  light,  and  the  resistance  to  its  motion  great — 
if,  for  instance,  it  were  in  a  tank  of  water — the  waves  impre.ssed  upon 
it  would  rapidly  die  out,  and  it  might  be  necessary  to  swing  the  string 
l»u'k  and  forth  with  all  the  violence  at  our  command,  in  order  that 
they  should  reach  the  mechanism  at  all.  Substitute  a  heavy  string  for 
the  light  one.  Waves  imparted  to  it  will  have  a  much  greater  power 
of  persistence.  It  will  l)o  necessary  to  impart  a  miich  less  violent 
motion,  and  this  of  itself  reduces  very  much  the  effect  of  the  resist- 
ance of  the  medium  in  which  the  string  swings.  But  we  need  not  use 
a  string  that  is  uniformly  heavy.  The  effect  of  the  heavy  string  may 
be  chwely  imitated  by  distributing  heavy  mas.-*es  along  it  at  intervals. 

Dr.  Pupin  set  himself  to  solve  the  problem  of  the  iH'havior  of  such 
a  loatled  string  in  a  resisting  medium.  Its  solution  had  not  been  before 
attempted,  for  its  tremendous  intricacy  would  baffle  anyone  who  bad 
not  at  command,  lis  Dr.  Pupin  has,  the  resources  of  the  "higher 
mathematics."  Many  peipli'.ving  questions  are  involved.  Given  a 
certain  amount  of  energy,  to  be  transmitted  by  means  of  a  string 
swinging  in  a  given  resisting  medium,  how  heavy  must  be  the  masses? 
How  near  together  imtst  they  be  placed?  Can  they  l>e  so  placed  nnd 
proportioned  that  they  will  serve  equally  well  for  the  transmission  of 
longer  short  waves;  that  is,  of  slow  or  rapid  vibratory  mirtiotwl^iJ  - 
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It  will  be  asked  what  tbi^  baa  to  do  witb  the  transmission  of  speech 
over  long  telephone  lines.  Speech  is  transmitted  by  electric  waves, 
and  waves  are  wii\'cs,  nubjeet  to  similaV  laws,  whether  they  occur  in  a 
stret^rhed  cord,  or  in  an  elaHtie  fluid,  or  in  an  ele«'tric  cuiTcnt.  From 
energy  transmitted  by  waves  in  a  cord,  to  energy  transmitted  l>y 
waves  in  an  electric  current,  is  only  a  step.  It  has  long  been  known 
that  a  conductor  wound  in  a  close  coil  gives  to  an  electric  current  in 
it  something  of  the  properties  of  a  masnive  body.  It  is  hard  to  start 
a  current  in  such  a  coil,  but  once  started,  it  is  just  as  hare"  to  stop  it. 
Coils  placed  along  a  telephone  line  will  have  an  effect  similar  to  the 
ma'iscs  along  the  cord.  Electric  waves  started  on  such  a  line  will  be 
persistent  waves,  they  will  not  die  out,  they  will  retain  their  form 
and  characteristics.  With  such  an  aid  the  New  Yorker  can  ask  of  his 
Chicago  correspondent,  "  What  will  that  mine  cost? "  without  fear  that 
he  will  understand  it:  "Who  was  that  mean  - — -?" 

But  this  is  not  the  whole  story.  Let  us  go  bat^k  to  the  weighted  cord. 
It  is  plain  that  a  small  motion,  a  comparatively  slow  movement,  given 
to  the  heavy  masses  would  be  the  equivalent  of  a  much  more  rapid 
movement  given  to  the  cord  alone.  Slow  movements  always  mean 
small  losses.  The  cost  of  carrying  a  ton  from  New  York  to  Chic^^ 
on  a  slowly  moving  freight  train  is  far  less  than  of  carrying  the  same  on 
the  higb-.speed  passenger  train.  The  slowly  moving,  heavily  weighted 
cord  will  carry  from  end  to  end  the  power  imparted  to  it  with  little 
loss  in  the  resisting  medium. 

So  it  is  with  the  electric  currents  in  Dr.  Pupin's  line.  It  is  a  heavily 
weighted  current.  A  very  little  current,  with  the  high  pressure  it 
can  exert  in  consequence  of  the  action  of  the  coils,  may  convey  as 
much  power  as  a  much  larger  current  on  an  ordinary  line.  Now, 
every  electrician  knows  that  the  loss  of  power  occurring  on  a  con- 
ductor is  proportional  to  the  square  of  the  current — that  is,  if  you 
have  only  half  the  current  there  i;:  but  one-fourth  the  loss;  one-fourth 
the  current,  one-sixteenth  the  loss,  etc.  Every  electrician  knows,  too, 
that  the  same  power  may  be  transmitted  by  a  small  current  by  increas- 
ing the  electric  pressure  just  in  proportion  as  the  current  is  reduced. 
This  is  recognized  wherever  electric  transmission  is  employed.  At 
Niagara  power  is  transmitted  to  near-by  points  at  a  pressure  of  2,0i)0 
volts;  hut  on  the  line  to  Buffalo  10,000  volts  is  employed,  requiring 
only  one-fifth  the  current,  and  therefore  one- twenty-fifth  the  loss  if 
the  same  conductoi-s  were  used.  In  California,  where  power  is  to  be 
carried  150  miles,  a  piv^sure  of  60,000  volts  will  be  employed.  Dr. 
Pupin's  line  is  another  csise  of  transmission  by  high  pressure  and  small 
current,  and  consequently  small  losses  and  little  attenuation  of  the 
waves. 

It  has  lieen  said  already  that  Dr.  Pupin  arrived  at  his  results  by 
mathematical  investigation.     There  was  no  haphazai'd  experimenting, 
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no  groping  in  the  dark,  no  tiioky  disrovefy,  t)ittprpnt.  forms  of  appa- 
ttttus  were  tried,  to  Ih"  sure,  but  all  were  based  upon  the  renultfl  of  the 
matheniBtieal  analysis.  The  laist  forni  hat^  the  advantaffe  that  it  U  an 
exart  representation  of  a  standard  telephone  line  with  coils  arranged 
to  l>e  inserted  every  niilo  at  pleasure. 

Fig.  5  (PI.  I)  is  a  general  view  of  apparatus  which  Dr.  Pupin  has 
used  in  hin  experimentM.  On  the  loft  is  seen  one  of  the  SO-mile  sec- 
tions of  this  line.  Other  sections  are  seen  in  full  or  in  part,  in  fix>nt 
and  on  the  left  and  right.  The  line  proper  is  contained  in  the  large 
caw  standing  on  top  of  the  frame,  and  eonwists  of  tin-foil  strips  of 
such  width  and  length  as  to  have  the  resistance  and  in  such  relation  aa 
to  ha\e  the  capacity  of  the  standard  line.  This  makes  an  artificial 
line,  having  all  the  eharacteristici  of  the  standard  telephone  line, 
except  the  length.  This  line  is  subdivided  into  50  set'tions,  each 
equivalent  to  one  mile  of  standard  line.  The  ends  of  these  are  seen 
in  the  maze  of  wire  going  from  the  case  to  the  frame  below.  On  this 
frame  are  the  50  coils,  which  may  be  included  in  the  line  or  left  out  of 
it  by  removing  or  inserting  plugs.  With  the  coils  out  of  circuit,  tele- 
phone conversation  is  distinct  up  to  30  miles,  can  be  barely  made  out  at 
100,  and  is  absolutely  unrecognizable  at  110  miles.  Introducing  the 
coils,  the  conversation  becomes  again  perfectly  distinct  and  continues 
so  through  all  the  section.s,  equivalent  to  250  miles  of  line. 

Fig.  tJ.  (PI.  ])  shows  a  lai-ger  view  of  one  of  these  50-mile  sections, 
and  in  the  foreground  a  small  generator  of  alternating  currents  of  600 
periods  per  second,  corresponding  to  alxiut  the  average  fi-equency  of 
the  vibrations  of  the  human  voice.  This  generator  was  used  for  pro- 
ducing electric  waves  for  comparing  the  actual  with  the  theoretical 
results.  From  the  resistance  and  capacity  of  the  artificial  tine,  and 
the  resistance  and  self-induction  of  the  coils,  the  velocity  of  trans- 
mission, and  the  length  of  the  electric  waves  corresponding  to  600 
periods  per  second,  were  computed. 

The  first  computation  gave  for  the  wave  length  about  26  miles.  A 
measurement  of  the  wave  length  gave  about  18  miles.  Here  was  a 
wide  discrepancy  between  the  theoretical  and  measured  lengths,  too 
great  a  discrepancy  to  be  ascril)ed  to  any  ordinary  error  of  measure- 
ment. And  since,  of  course,  the  wave  length  determines  the  proper 
distance  which  should  be  between  these  coils  in  airtual  work,  the  mat- 
ter was  one  of  prime  importance.  All  the  measui-ements  of  resist- 
ance, capacity,  and  self-induction  were  repeated  without  finding  any 
errors.  The  generator  was  thoroughly  studied  to  see  that  it  really 
gave  a  frequency  of  600  periods.  All  the  apparatus  for  measuring 
the  wave  lengths  was  subjected  to  a  rigid  examination  and  analysis, 
to  see  if  any  error  could  be  introduced  there.  The  computations  were 
reviewed  again  and  again,  with  always  the  same  result  of  26  miles 
for  the  wave  lengths.  Mcann  were  provided  for  malptaining  a  per- 
r.,i    ,1     C.tH 


FiQ.  B.— General  View  of  apparatus  used  bv  Dr.  Pupin. 
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fectly  uiiifomi  speed  of  the  generator,  in  order  to  prcttervc  a  uniform 
frequency  of  alternations.  (This  of  itself  was  a  very  ingenious  device, 
and  in  worth  a  hrief  description.  It  is  shown  upon  the  table  in  fig. 
7  (PI.  II.)  A  stretched  piano  wire  was  arranged  to  be  kept  in  vibra- 
tion by  mt^netic  impulses.  It  emitted  a  continuous  note  which  was 
tuned  to  unison  with  a  standard  tuning  fork,  seen  on  the  right.  A 
telephone  connected  in  circuit  with  the  generator  emitted  a  note  cor- 
responding to  the  frequency  of  the  alternating  current  which  the 
generator  produced.  Stretched  along  the  front  edge  of  the  table  was 
a  resistance  wire  connected  with  the  electric  motor  which  drove  the 
generator.  By  varying  the  resistance  of  this  wire,  by  sliding  along 
it  the  weight  seen  resting  upon  it,  the  speed  of  the  generator  and  the 
number  of  alterations  per  second  could  be  varied.  An  assistant  sat 
at  this  table  with  the  telephone  at  his  ear,  and,  by  varying  this  resist- 
ance, endeavored  to  keep  the  telephone  note  in  unison  with  that  of  the 
piano  wire.)  With  all  these  refinements  the  measured  wave-length 
still  came  out  18  miles.  All  these  re  measurements  and  recomputa- 
tions  took  about  three  weeks,  and  it  began  to  look  as  though  the 
reconciliation  of  theory  with  experiment  was  hopeless.  At  last,  after 
going  over  the  computations  many  times,  it  was  discovered  that  a 
factor,  the  square  root  of  two,  had  been  overlooked  in  the  denomina- 
tor of  one  of  the  fractions.  Dividing  the  2f>  miles  by  this  gave  for 
the  theoretical  wave  length  about  IS  miles,  agreeing  with  the  meas- 
ured wave  length  to  about  one-tenth  of  1  per  cent.  This  wave  length 
of  IS  miles  corresponds  to  a  velocity  of  transmission  of  these  electric 
waves  of  10,800  miles  per  second. 

On  the  table  in  fig.  8  (PI.  II),  at  the  left,  are  shown  some  coils  similar 
io  size  and  shape  to  those  which  will  be  used  on  land  lines  and  under- 
ground cables,  but  wound  with  different  wire.  On  land  lines  they 
would  be  placed  on  top  of  poles  at  intervals  of  one  to  two  miles.  On 
ocean  cables  the  coils  would  be  much  smaller,  and  plaL-cd  only  about 
one-eighth  of  a  mile  apart.  They  would  be  inclosed  in  the  protecting 
sheath,  and  would  appear  as  swellings  on  the  cable.  They  add  but  a 
small  frairtion  of  one  per  cent  to  the  weight,  and  will  not  interfere 
with  the  laying  of  the  cables.  These  coils  consist  of  an  iron  core 
made  of  rings  punched  from  sheet  iron  two  one-thousandths  of  an  inch 
in  thickness,  packed  up  to  form  a  hollow  cylinder  of  the  proper  length. 
This  is  wound  with  the  conducting  wire  by  threading  it  through  the 
center  as  the  figure  shows. 

Not  only  does  Dr.  Pupin's  line  serve  for  telephone  transmission. 
There  are  systems  of  multiplex  telegraphy  that  depend  upon  the  trans- 
mission of  electric  waves.  They  work  Iwautifully  in  the  laboratory 
over  short  lines,  giving  a  record  on  paper  of  dots  and  dashes  at  the 
rate  of  300  words  per  minute  for  each  instrument.  Dut  as  soon  as 
the  line  becomes  of  any  length,  the  waves  begin  to  lose  their  character, 
8M  1901 20 


806  TBANSATLANTIO   TELEPHONING. 

the  dottj  and  dashes  begin  to  run  together,  and  finally  form  a  continuous 
line.  Tried  on  Dr.  Pupin'tf  artificial  line  without  the  coilg,  a  few  miles 
was  sufficient  to  render  the  record  illegible.  But  on  introducing  the 
coils,  the  dotM  and  dashes  became  at  once  sharp  and  distinct,  and  several 
messages  could  be  transmitted  at  the  same  time  over  the  same  line,  by 
using  different  frequencies,  and  instruments  each  tuned  to  respond  to 
one  of  these  frequencies.  What  an  enormous  advantage  this  would  be 
on  an  Atlantic  cable!  The  maximum  rat«  of  transmission  ever  reached 
on  an  Atlantic  cable,  and  that  only  as  a  test,  was  40  words  per  minute. 
This  multiplex  transmission  would  carry  this  up  to  1,5U0  words,  or 
many  times  more  than  is  now  possible  with  all  the  cables  working  to 
their  full  capacity. 

Such  is  the  invention  which  scientific  study  and  mathematical  analysis 
has  made  possible.  Most  electrical  engineers  would  have  said  thatcoils 
of  wire,  of  all  things,  should  be  kept  out  of  a  telephone  line.  They 
are  used  in  alternating  current  circuits  to  hold  back  the  current.  They 
are  called  "choke  coils,"  Thej'  are  often  used  to  regulate  the  current 
flow.  But  every  electrical  engineer  knows  that  while  the  coil  does 
hold  back  the  current,  it  does  not,  like  a  mere  resistance,  consume 
power.  Such  current  as  goes  through  it,  goes  with  little  loss  of 
energy,  and  now  that  it  has  been  pointed  out,  it  is  easy  to  understand 
that  while  a  coil  does  hold  back  the  current,  it  does  not  interfere  with 
the  transmission  of  energy  over  the  line,  but,  by  diminishing  the  cur- 
rent, diminishes  in  a  greater  ratio  the  loss  on  the  line,  and,  above  all, 
serves  to  preserve  the  characteristics  of  the  electric  waves  and  so 
delivers  the  energy  to  the  receiver  in  the  same  form  as  when  it  came  to 
the  line. 
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By  William  J.  Hammer.  '' 


The  telephonograpb,  or,  tm  it  in  Homettuies  culled,  the  "tele- 
graphone,"  the  "microphonograph,"  and  the  "magnetophonograph," 
is  the  invention  of  a  Danish  electrrtil  engineer,  Mr.  Waldemar  Poul- 
scn,  of  Copenhagen,  Denmark.  Thi»  beautiful  and  ingenious  instru- 
ment was  considered  by  all  those  who  had  the  opportunity  of  seeing 
and  testing  it  at  the  recent  Paris  Exposition  to  be  the  most  interesting 
scientifie  novelty  there  exhibited.  In  principle  it  is  so  simple  it  seems 
remarkable  that  with  all  our  familiarity  with  electricity  and  magnet- 
ism such  an  invention  should  not  have  been  made  long  ago.  The 
apparatus,  which  is  indicated  in  figure  1  (PI.  I),  consists  of  a  drum  of 
brass  about  Hi  inches  in  length  by  5j  inches  in  diameter.  On  this 
drum,  which  is  revolved  by  means  of  an  electric  motor,  is  wound  225 
turns  of  steel  piano  wire,  of  a  diameter  of  about  1  nun.  Sup- 
ported above  this  wire,  and  in  contact  therewith,  is  a  tiny  magnet, 
such  as  are  shown  in  figure  2,  letters  A  and  C,  which  are  almost  nat- 
ural size.  This  magnet  is  attached  to  a  brass  support,  mounted 
on  a  shaft,  so  that  as  the  drum  or  cylinder  carrying  the  steel  wiro 
i-evolves.  the  magnet  is  caused  to  move  from  right  to  left  across  the 
drum,  being  guided  by  a  grooved  linger  resting  upon  the  steel  wire 
on  the  drum,  each  turn  in  the  steel  wire  passing  consecutively  before 
the  poles  of  the  tiny  magnet.    On  reaching  the  end  of  the  cylinder, 

'Wankinglon,  D.  C,  December  6,  1901. 
My  Dkab  Sir:  I  liave  been  mucli  interefltcd  in  the  Pouleen  tel^raphone,  which  I 
apoke  of  to  you  in  FariH,  anil  1  do  not  know  of  anylhing  in  the  work  of  recent  yeATs 
in  electricity  more  worthy  of  being  presented  (o  the  readers  of  the  Smithsonian 
report  Mr.  Hammer'e  article,  which  you  ehow  me,  feeme  to  be  a  very  eatiefactory 
popular  es  position  of  it. 
Very  truly  youre, 

Alexanubh  Graham  Bbll. 
Mr.  8.  P.  Lanclw, 

Secretary  tifihe  Smitlaonian  iTidUiUion, 

Washirylim.  D.  <\ 
''  PretMnted  at  the  151st  meeting  of  the  American  Institute  of  Electrical  Engineers, 
New  York,  February  28th,  1901.    Reprinted,  by  permi«ion,  from  Vol.  XyiH  of  the 
Transactions  of  the  Inetitute.  .  rt^tiolc 
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an  arm  mounted  «n  the  left  side  of  the  frame  utrike^  the  tiny  lever 
shown  in  the  illustration,  raising  the  nia|;net,  and  causing  it  to  run 
rapidly  back  to  the  beginning  again  (the  carrier  being  guided  by  the 
coarse  threaded  shaft,  shown  parallel  to  the  supporting  shaft)  this 
operation  taking  but  five  seconds.  The  legs  of  this  magnet  are  about 
seven -sixteenth  inch  long,  and  are  wound  with  bobbins  of  wire  of 
about  the  same  size  a«  those  employed  on  an  ordinary  receiving  tele- 
phone magnet.  A  cross  section  of  the  magnet  is  shown  in  fig.  2,  let- 
ter C.  It  has  t>een  found  that  a  horseshoe  fonn  of  niagnet,  as  showo 
in  fig.  2,  letter  B,  will  not  respond  rapidly  enough,  and  it  is  pi-eferable 
to  employ  two  separate  magnets  electrically  connected,  as  shown  in 
fig.  2,  letter  C  In  the  ribtwn  form  of  telephonograph  the  horse- 
shoe magnet  shown  in  fig.  rJ,  letter  1),  may  be  used,  but  even  here 
two  magnets  electrically  connected  are  preferable.  This  recoi-ding 
electro-magnet,  which  has  a  resistance  of  100  ohms,  is  connected  in 
circuit  with  an  ordinary  carbon  telephone  transmitter,  and  a  couple 
of  cells  of  battery,  and  preferably  with  an  induction  coil  in  the  usual 
When  the  ti-an.'*mitter  is  s]x>kcii  into,  it  act*;  as  a  tap  upon 
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the  lattery  and  causes  currents  of  varying  strength,  and  in  propor- 
tion to  the  strength  of  the  sound  waves  impinging  upon  the  diaphragm, 
to  pass  through  the  wire  wound  on  the  electro-magnet.  Now  as  the 
steel  wire  wound  on  the  drum  passes  in  front  of  and  in  contact  with 
the  poles  of  the  magnet,  its  varying  magnetic  field  monetizes  trans- 
versely the  steel  wire,  and  the  "lines  of  force"  are  permanently 
recorded  therein.  After  the  steel  spiral  has  been  filled,  which  opem- 
tion  takes  about  thirty-nine  seconds  at  an  ordinary  speed  of  talk- 
ing, and  records  100  to  120  words,  the  tiny  magnet  is  placed  at  the 
point  whore  the  record  first  started,  and  in  place  of  the  transmitting 
telephone  with  which  it  was  connected  a  Bell  receiving  telephone  is 
attached.  The  cylinder  or  drum  again  revolves,  and  as  the  magnet- 
ized steel  wire  passes  before  the  poles  of  the  elect ro-imignet  it  form» 
aspeeiesof  magneto-electric  generator,  givingoutcurrentsof  electricity 
of  a  strength  and  direction  corresponding  to  the  magnetization  of  the 
steel  wire,  which  correspondingly  affect  the  Bell  telephone,  und  repro- 
duce the  soundsand  words  originally  spoken  with  absolute  fidelity.  In 
Edison's  phonograph  and  its  modifications,  such  as  the  gi-aphophone, 
gramophone,  etc.,  a  stylus  is  always  employed  to  indent  the  surface  of 


— PouLSEN's  Steel  Wibe  Telephomograpm. 


Fm.  3.— Poulseh's  Band  Tele  phonograph. 
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wax,  metal,  or  other  yielding  ^^ubstance.  The  stylus  resting  upon  such 
B  surface,  and  l>eing  attached  aa  it  is  to  the  vibrating  diaphi-agm  of  the 
phonograph  transmitter,  i.'j  affected  by  the  dampening  effect  of  the 
needle  or  its  inertia,  and  the  higher  harmonics  are  more  or  less 
destroyed,  and  there  are  alao  false  sounds  prodnced,  due  to  the  molec- 
ular disturbances  in  the  needle  and  diaphragm  itself.  Although  Mr. 
Edison  ha'*  i-ecently  made  remarkable  improvemcints  in  the  perfection 
of  recording  and  reproducing  by  means  of  his  phonograph  over  his 
earlier  forms,  there  are  difficulties  such  as  I  have  referred  to  which  it 
has  heretofore  been  impossible  to  overcome.  In  Poulsen's  telephono- 
graph,  however,  the  tiny  magnet  not  being  in  contact  with  the  steel 
wire,  the  lines  of  force  are  silently  stored  up,  and  without  being  affected 
by  external  influences.  The  author  has  had  conuidcrftble  experience  in 
working  with  various  types  of  phonographs,  and  was  accorded  facilities 
to  examine  and  operate  the  telephonograph  )>oth  at  Paris  and  Berlin, 
and  still  more  recently  here  in  New  York.  In  Beilin,  Messrs.  Mix  and 
Genest  have  for  some  time  past  been  conducting  a  laboi-atory  for  experi- 
mental development  of  the  telephonograph,  and  through  their  cour- 
tesy and  that  of  Director  Zopke  I  was  afforded  the  pleasure  of  visiting 
this  laboi-atory,  and  saw  some  very  interesting  developments  in  this 
promising  field.  1  found  the  instrument  would  record  and  reproduce 
the  most  delicate  sounds,  even  breathing  and  very  low  whispering,  and 
certain  words  which  those  who  have  had  experience  in  working  with 
the  phonogi-aph  know  have  alway.-s  been  very  difficult  to  record  and 
reproduce  perfectly.  All  have  been  taken  care  of  most  perfectly  by 
the  telephonograph.  If  it  is  not  desired  to  retain  the  record  made 
upon  the  steel  wire,  the  recording  magnet  is  placed  at  the  end  of  the 
drum  and  connected  with  a  couple  of  cells  of  battery,  which  supply  a 
constant  magnetizing  cuiTcnt  to  the  magnet,  which  entirely  obliterates 
the  recoixls  which  had  been  stored  up  in  the  steel  wire,  as  this  wire  is 
passed  before  the  poles  of  the  mt^net.  A  permanent  magnet  may  also 
be  employed  for  this  puipose. 

Another  type  of  instrument  which  Mr,  Poulsen  has  designed  is  shown 
in  fig.  3  (PI.  I).  This  consists  of  two  reels,  carrying  a  band  or  ribbon 
of  steel  about  three-sixteenths  inch  wide  and  about  one-thirty -second 
inch  thick.  This  steel  ribbon,  which  may  be  made  of  any  length  and 
which  may  be  recorded  upon  for  an  hour  or  more  at  a  time,  is  passed 
from  one  reel  to  the  other,  the  reels  Ijeing  operated  by  a  small  electric 
motor.  Above  the  .steel  hand  or  ribbon  is  placed  a  tiny  electi-o-magnet 
of  the  form  shown  in  tig.  Si,  letter  D,  which  is  connected  to  a  tele- 
phone ti-annsmitter  and  battery,  in  the  same  manner  as  in  the  instru- 
ment ali-eady  descril»ed,  and  after  a  record  ban  Iwen  made,  is  also 
connected  to  a  Bell  telephone  as  a  reproducing  instrument.  It  is  stated 
that  these  steel  ribbons  after  receiving  the  magnetic  record  could  be 
wound  in  many  layers,  similar  to  a  spool  or  Wbbin  of  ribbon,  without  , 
affecting  the  record,  and  that  the  recoitl  could  be  leproduced  thou- 


810 


THE  TELKPHOSOGKAPH. 


uandM  of  times.  It  in  said  that  a  record  has  been  reproduced  3,S00 
times  and  has  still  be^n  very  perfect,  and  such  a  itpool  containing  a 
record  could  be  shipped  across  the  country  and  placed  on  another 
machine,  and  would  i-eproduce  the  sounds  which  originally  caused 
the  recoixl  with  absolute  perfection,  and  even  a  rusty  wire  contain- 
ing a  record  has  been  iiandpapered  and  polished  without  affectinj^ 
appreciably  the  record.  In  fig.  5,  letter  D,  is  indicated,  first,  how 
the  steel  hand  is  magnetized  by  the  obliterating  m^net,  then  by 
the  varying  field  of  the  recording  magnet,  and  finally  by  the  reversal 
in  direction.  The  Poulsen  telephonograph  in  its  ordinary  form 
does  not  speak  louder  than  an  ordinary  Bell  telephone.  1  would 
surest  the  employment  of  Edison's  " electro-motograpb "  or  ^'cbalk" 
telephone  receiver,  by  means  of  which  it  could  be  made  to  speak 
very  loud.  {An  audience  of  5,000  has  been  able  to  bear  perfectly 
this  Edison's  loud-speaking  telephone.)  Mr.  Poulsen  has  suggested 
a   number   of  other  methods   by    which   the   sound  could   be  aug- 


Fto.  4.— The  uIUdk  newipatwr. 

mented.  It  is  claimed  that  by  increasing  the  speed  during  reproduc- 
tion, over  that  of  the  recording  .speed,  the  telephone  speaks  much 
louder.  This  would,  however,  tend  only  to  inci'case  the  pitch,  and 
not  improve  the  volume  of  the  sound.  Other  methods  suggested 
by  Mr.  Poulsen  are  indicated  in  fig.  5,  letters  A  and  C.  They  con- 
sist in  substance  of  methods  for  causing  one  transmitter  to  makea 
number  of  records  on  separate  steel  wires  or  bands  which,  on  repeat- 
ing, cause  the  various  reproducing  magnets  to  simultaneously  affect 
the  one  telephonic  receiver.  It  has  also  been  proposed  to  utilize  the 
tele  phonograph  as  a  talking  newspaper.  In  fig.  4  is  shown  a  method 
which  it  is  proposed  to  employ.  As  the  steel  ribbon  which,  in  this 
particular  form  is  endless  and  which  is  receiving  the  record,  passes 
from  one  reel  to  the  other,  as  indicated  by  the  ari-ows,  it  pa3.ses  con- 
secutively before  each  of  the  receiving  mi^nets,  which  are  shown  in 
horseshoe  form,  but  which  may  also  be  single  j>oIp,  and  the  suliscnb- 
ers,  whose  telephones  are  attached  to  these  magnets,  are  thus  con- 
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stantly  bein^  supplied  with  tbelatest  news  of  tbe  day,  stock  quotations, 
etc.  After  the  ribbon  or  band  has  passed  before  these  niaf^nets  the 
obliterating  magnet  wipes  out  all  of  the  magnetic  lines  of  force  stored 
up  in  the  steel  band,  and  it  then  passes  on  to  receive  fresh  impressions 
from  the  i-ecording  m^net  and  telephone.  In  this  connection  I  wish 
to  say  that  in  Budapest  I  recently  found  a  talking  newspaper  system 
being  i-un  in  connection  with  the  supplying  of  music,  and  talking  f  i-om 
the  theati-es  by  means  of  the  "theatrophone."  During  the  day  the 
subscribers  were  constantly  being  informed  of  the  latest  news  of 
importance.  This  service,  which  supplied  many  thousands  of  sub- 
scribers, was  independent  of  the  i-egular  telephone  service.  I  also 
remember  equipping  the  Theatrophone  Company  in  Paris  in  1889  with 
two  E>li»on  phonographs  for  a  like  purpose — this  being  tbe  first 
attempt  in  this  direction.  Many, suggestions  have  recently  been  made 
for  employing  the  telephonograph  in  telegraphic  and  telephonic  work, 
just  as  were  made  many  years  ago  when  Edison  invented  his  phono- 
graph. It  remains  to  be  seen  how  important  the  practical  applications 
of  this  wonderful  scientitic  instrument  will  become,  but  it  is  self- 
evident  that  any  invention  pos-sessing  such  intrinsic  merit  is  certain 
sooner  or  later  to  meet  with  important  commercial  applications.  The 
author,  in  common  with  many  others,  has  used  tbe  phon<^raph  in  his 
office;  dictating  at  his  convenience  bis  correspondence  upon  the  cylin- 
ders, from  which  it  was  later  transcribed  by  tbe  typewriter.  He  was 
recently  shown  and  operated  a  form  of  Foulsen's  telephonograph, 
which  had  three  magnets  attached  to  the  recording  magnet  carrier, 
which  enabled  him  to  start,  stop,  and  i-everse  the  movement  of  the 
caiTier,  and  also  obliterate  errors  in  the  wire.  In  fig.  5,  letters  B 
and  E,  are  shown  two  methods  proposed  for  duplexing.  The  two  sets 
of  m^nets  are  shown  connected,  in  tbe  one  case,  in  parallel;  and  in 
the  other,  in  series.  These  m^nets  may  all  be  connected  in  series 
or  all  in  multiple,  but  it  is  essential  that  they  should  be  with  the  proper 
polar  relation.  It  is  claimed  that  these  two  sets  of  recording  magnets 
send  waves  of  a  different  character  over  the  line,  and  at  the  receiving 
end  of  the  cireuit  each  reproducing  magnet  will  respond  to  its  proper 
wave.  I  believe  the  form  shown  in  tig.  5,  letter  E,  has  never  been 
demonstrated  to  be  practicable,  but  the  one  employing  the  two  rib- 
bons shown  in  Kg.  5,  letter  B,  has  been  operated  successfully.  Sug- 
gestions have  been  made  for  using  the  telephonograph  as  a  telephonic 
relay,  and  I  am  infoimed  that  some  experiments  have  been  made 
recently  in  this  direction  in  Europe,  and  it  may  perhaps  not  be  out 
of  place,  in  this  connection,  to  call  attention  te  the  experiments  made 
by  the  author  in  employing  the  phonograph  as  a  telephonic  relay  at 
the  time  of  his  lecture  on  Edison  and  His  Inventions,  delivered  before 
the  Franklin  Institute  on  February  4,  1889,  which  experiments  were 
described  in  the  Electrical  World  of  Feliruary  16,  1889,  and  other 
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papers,  and  subset) ut^ntly  more  fully  described  in  the  Electrical  World 
and  Engineer,  of  June  8,  1899.  The  diagTam  shown  in  tig.  6  (PI.  II) 
illustrates  very  clearly  the  arrungeuient  of  the  two  phonographs,  four 
telephones,  two  sets  of  induction  coils  and  batteries  and  other  appa- 
ratus, circuits,  et<^,  and  these  experiments  constitute,  1  believe,  the 
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first  practical  form  of  telephonic  relay  which  has  ever  Iwen  constructed, 
and  which  operated  with  perfect  success  over  104  miles  on  the  lines  of 
the  Ijong  Distance  Telephone  Company,  Iwtween  New  York  and  Phila- 
delphia. (It  is  interesting  to  note  that  the  sound  passc<l  through  the 
air  live  times,  through  fifteen  sepai-ate  mediums,  and  changed  its  phy- 
sical chai-acteristics  4,H  time?!  in  ti 
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By  Sir  Wiixiam  J.  Hkrschri- 


The  attempt  to  repi-oduce  the  natural  colors  of  objecttt  in  a  picture 
of  them  by  means  of  photography  may  be  regarded,  according  to  a 
man's  fancy,  cither  as  a  confession  of  weakness — of  lack  of  artistic 
power  in  oneself — or  as  a  laudable  ambition  to  invoke  the  powers  of 
Dattire  to  do  what,  with  all  human  skill,  no  artist  can  ever  expect  to 
do  or  ever  claims  to  do.  The  artist,  whether  of  the  pencil  or  of  the 
palette,  has  a  liberty  of  expression  which  must  forever  make  him 
master  of  the  spirits  of  men  when  they  seek  the  aid  of  painting  or 
di-Kwing  to  represent  any  scene  to  their  senses.  He  alone  understands 
the  spirit  that  seeks  his  aid.  He  alone  knows  how  to  minister  to  it 
in  the  way  that  will  most  delight  and  instruct  it.  God  has  given  him 
a  great  wealth  of  materials  and  the  incomparable  gift  of  genius  in  his 
use  of  them  to  interpret  a  scene  to  his  fellow-man.  If  he  fsils,  as  he 
often  doe-s,  in  his  ta.sk,  that  is  no  more  than  human  frailty  involves. 
When  he  succeeds  he  has  given  us  a  joy  which  we  never  dream  of 
attaining  in  any  other  way  short  of  once  more  beholding  the  object  of 
our  desires  as  we  saw  it  in  some  happy  moment  of  our  lives.  I  am 
speaking,  of  course,  only  of  realities  and  not  of  iTOetical  or  ideal  art. 

No  one  can  be  more  conscious  of  the  vast  interval  that  lies  between 
himself  and  the  true  artist  than  the  humble  follower  of  nature  along 
the  paths  of  color  photography.  To  describe  his  position  as  a  student 
fully  »nd  justly  would  occupy  more  tin.e  than  you  can  spare  me;  but 
of  this  I  am  confident,  that  no  artist  can  have  his  feelings  more  keenly 
cultivated,  his  appreciation  of  the  delicacies  of  hue  and  of  .shading 
more  exalted,  or  his  ambition  to  equal  nature  more  excited  by  the  first 
fruits  of  his  labors  than  the  patient,  watchful  handler  of  the  camera 
and  its  adjuncts.  The  artist,  indeed,  stands  at  a  sti-ange  disadvantage 
here.  No  joy  can  ever  reach  him  which  he  has  not,  in  the  richness  of 
his  imagination,  already  tasted  before  he  meets  it  face  to  face  on  his 
canva.s.  But  who  that  has  hung  in  eager  expectation  over  the  grow- 
ing wonders  of  the  sensitive  plate  would  exchange  his  happiness  when 

■  Presideotial  address  by  Sir  William  J.  Herschel,  Bart.,  to  the  sixteenth  annual 
niceting  of  (he  pholt^raphic  convention  of  the  United  Kii^oni,  Oxfonl,  July  8, 
1901.    Heprinteil  from  the  British  Journal  of  Photography,  July  12, 1901,  pp.  439-441. 
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success  rewards  him  for  that  of  the  artist  over  his  own  handiwork; 
surprise,  gratitude,  exhilaration,  these  are  the  sudden  moods  of  the 
photographer  who  throws  himself  into  the  arms  of  nature  and  trusts 
to  her  methods  while  incessantly  pleading  for  more  and  more  of  her 
instruction.  What  shall  I  say  of  his  many,  many  disappointments? 
Let  them  pass.  W%  know  their  value,  and  the  artist  knows  this,  too. 
Our  joys  and  his  are  not  the  same,  but  both  are  ripples  of  that  dft/pt- 
Bfiov  yeXaafta,  the  countless  laughter  of  the  ocean  on  which  Grod'« 
great  gift  of  light  dances  and  enti-ances  us. 

So  it  is  in  the  most  perfect  humility  of  spirit  that  we  approach  the 
subject  of  our  discourse  this  evening — the  practical  methods  now  known 
to  us  of  producing  colored  photographs. 

These  fall  into  two  groups.  In  the  first,  as  now  in  our  common 
possession  and  practice,  come  those  which  employ  colored  glasses  or 
films  to  feed  the  photographic  plat«,  leaving  the  latter  to  take  what  it 
will,  or  refuse  what  it  will,  according  to  the  high  commands  impressed 
upon  it  by  the  sun.  Let  no  one  be  under  the  delusion  that  here  is  any 
room  for  the  color  artist,  man,  to  tamper  with  the  result,  to  distribute 
the  colors  according  to  his  fancy.  The  very  contrary  is  the  case.  No 
department  of  photography  is  so  hopelessly  bound  to  perfect  honesty 
and  freedom  from  trickery  as  color  photography.  A  tirst-year 
apprentii-e  in  the  studio  of  Mr.  Herkomer  would  as  soon  think  of 
impi-oving  the  master's  touches.  It  would  mean  ruin  to  the  picture. 
Whatever  color  is  supplied  is  fairly  offered  to  the  sun  at  every  pin's 
head  of  the  plate  alike;  but  whether  it  is  to  be  seen  at  all,  and  if  seeu 
whether  it  is  to  be  seen  in  its  full  strength  or  weakened  to  any  neces- 
sary extent,  is  not  in  our  hands.  That  rests  with  the  light  itself  to 
deteiTuine  which  falls  there  on  the  sensitive  surface,  and  woe  to  the 
man  who  tries  to  interfere  there.  He  may  use  some  influence  in  regard 
to  considerable  ureas  at  a  time,  just  as  the  ordinary  photographer  can 
shade  or  modify  the  light  to  produce  general  effects,  but  as  to  details 
he  dare  not  say  a  word.  He  might  as  well  try  to  improve  a  miniature 
with  a  house  painter's  brush. 

The  first  specimens  of  this  kind  which  I  introduce  are  those  of  Mr. 
Ives's  process. 

The  three  photographic  positives  here  thrown  on  the  screen  t<^ether 
as  one  picture  are  plain  black  and  white.  They  each  net  in  the  same 
way  that  the  natural  object  did— they  do  not,  indeed,  absorb  the  color 
of  the  covering  glass;  but  they  do  what  comes  to  the  same  thing,  they 
block  it  out  either  totally  or  in  various  degrees  as  each  point  of  the 
object  did  by  al>sorption.  The  positive  was  obtained  by  photograph- 
ing the  object  through  a  glass  of  somewhat  similar  color.  That  it  is 
not  the  very  same  color  is  due  to  the  fact  that  the  photographic  power 
of  colored  light  is  not  on  all  fours  with  its  coloring  power  upon  the 
retina.  z^--  i 
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To  go  into  anything  like  detail  on  this  complex  snd  still  debated 
part  of  the  science  of  color  photography  would  be  quite  impossible — 
and  1  am  glad  foi*  your  sakea  that  it  Is  so,  for  only  a  strong  expert 
like  Mr.  lve»  or  Mr.  Sanger  Shepherd  could  lead  you  aright  there. 
Suffice  it  to  say  that  at  this  point  the  judgment  of  the  human  eye  is 
the  final  court  of  appeal,  and  no  conclusions  based  upon  anything  less 
than  large  practical  experience  can  be  deemed  final.  We  are  :ttill  in 
the  purely  empirical  st^e  of  knowledge  as  to  the  physical  connection 
between  the  color  and  the  actinic  power  of  any  given  light.  We  are 
not  even  sure  that  a  given  color  of  a  given  intensity  has  a  constant 
actinic  power  on  a  given  film.  What  we  see  here  is  the  result  of  Mr. 
Ives's  immense  practical  study. 

His  Kromskop  introduces  the  three  colors  to  the  eye,  not  by  super- 
poijition.  which,  as  you  will  readily  see,  would  put  three  extinguishers 
on  the  top  of  each  other,  but  still  by  true  (?r>//i -position.  The  mirrors 
(sheets  of  transparent  gla.ss)  which  do  this  are  models  of  inventive 
power.  They  are  not  clear  glass,  but  tinted,  and  the  reason  for  this  is 
a  matter  of  refined  delicacy.  The  already  green  image  passes  through 
a  transparent  green  glass,  placed  on  a  slope  which  thus  serves  on  its 
front  face  as  a  mirror  for  the  blue  image.  The  latter  would  be 
reflected  from  the  back  surface  also  if  the  glass  were  clear  white;  but 
being  green,  it  ab»4orbs  the  second  reflection  suflSciently  (in  the  double 
passage  of  the  blue  light)  to  make  it  innocuous.  The  composite  blue- 
green  image  passes  on  to  the  eye  through  another  sloping  transparent 
mirror  placed  to  reflect  the  red  image  in  the  same  line  of  sight.  The 
same  danger  of  a  double  red  image  is  avoided  here  by  tinting  the 
mirror  blue-green,  which  lets  the  blue-green  image  pass,  but  kills  the 
red  light  which  endeavors  to  get  twice  through  it.  The  perfection  of 
the  register  is  thus  preserved. 

Of  a  cc^nate  character,  but  very  different  in  its  method,  is  Mr. 
Sanger  Shepherd's  proce-ss,  in  which  three  differently  colored  films 
are  ww/wrposed  one  on  the  other  in  a  single  transparency.  They  are 
all  positives  without  any  opaque  silver  deposit  to  block  out  light. 
The  only  gradation  is  from  clear  white  to  the  deepest  color  of  the  dye 
on  each  film — superposed  they  act  as  absorbents,  and  so  effect  the  same 
fallibiy,  as  far  as  1  am  aware;  hut,  assuming  it  to  be  true,  see  what  it 
means;  nothing  les.s  than  this,  that  we  have,  by  the  infinite  delicacy  of 
photography,  obtained  a  definite  ocular  demonstration  of  the  precise 
seat  of  power  which  ether  waves  have  over  chemical  compounds.  If 
I  hesitate  in  committing  my  own  belief  to  this  explanation  (and  ray 
belief  is  a  matter  of  absolutely  no  importance  to  anyone  cbe)  it  is 
because  it  is  not  inconceivable  that  the  disruptive  action  which  does  take 
place  may,  after  all,  occur  close  round  the  spot  where  the  stationary 
ether  of  the  node,  and  therefore  the  matter  which  is  affected,  is  under 
alternate  tension  and  relaxation.     However  that  may  l>e  in  physic;*, 
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the  difference  is  not  of  immediate  importance  to  us  in  photography 
that  1  see.  The  actinic  plan&'i  were  proved  by  Wiener  to  exist. 
Lippmann  turned  them  to  vital  account  for  uk,  and  gave  uh,  in  the  way 
we  all  know,  true  color  photography.  He  u^ed  thick  tilms  for  the 
express  purpose  of  securing  what  Wiener  desired  to  avoid,  reduplica- 
tion of  the  actinic  planes,  and  with  them  the  strong  <-reation  of  color. 
Here  are  some  of  the  most  exquisite  results  of  his  process.  I  owe 
them  to  Dr.  MeuhauHS,  who  kindly  supplied  me  with  a  spectrum  and  a 
vivid  picture  from  what  I  may  call  still  life,  and  to  Mr.  Senior,  who 
has  placed  his  Itest  sptu^imens  of  a  spet^trum  with  the  Frauenbofer 
lines  at  my  disposal  for  your  service.  A  more  precious  one  than  any 
of  those  is  this  given  me  by  Dr.  Lippmann  himself,  a  tribute  to  my 
father's  memory  as  a  pioneer  of  photc^r&phy,  which  I  shall  be  happy 
to  show  afterwards.     It  is  the  simple  naked  lilm  itself. 

Before  parting  with  Lippraann's  process  I  feel  sure  that  you  will 
like  to  see  the  decisive  evidence  obtained  by  Dr.  Ncuhauss  of  the  pres- 
ence in  the  film  of  the  supposed  strata  of  silver  spangles,  as  1  may  call 
what  looks  like  a  brown  stain  more  than  anything  else,  by  transmitted 
light.  He  has  actually  made  a  microscopic  section  of  the  color  cradle, 
and  by  means  of  the  most  refined  conditions  has  been  able  to  take 
on(«  more  by  aid  of  phott^raphy  a  visible  picture  of  the  subtle  work 
of  light  in  the  interior  of  a  Lippmann  film.  Here  is  a  copy  of  it  on 
the  screen  which  be  has  sent  me  himself,  with  bis  explanation  of  its 
import  and  its  manufacture.  All  room  for  doubt  (if  science  could 
cease  from  doubting  its  own  creeds)  would  seem  removed  by  this 
simple  fibrous-looking  atrip  of  lines.  It  is  a  mre  pleasure  to  be  able 
to  exhibit  such  brilliant  colors,  and  such  surprising  demonstrations  of 
their  cause,  here  in  Oxford,  and  to  acknowledge  at  the  same  time  that 
the  whole  series  of  investigation  and  invention  which  have  furnished 
these  magnificent  results  is  the  fruit  of  French  and  German  industry 
and  genius. 
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By  Dr.  J.  Mabey, 

Member  nf  the  Jmtitute  'if  Fninee, 


By  vhroDophob^raphy "  is  meant  a  method  which  analyzeH  motions 
by  means  of  a  series  of  instantaneous  photographs  taken  at  very  short 
and  equal  intervals  of  time.  By  thus  representing,  for  example,  the 
successive  attitudes  and  positions  of  an  animal,  this  art  renders  it  pos- 
sible to  follow  all  the  phases  of  the  creature'.'^  gait,  and  even  to  con- 
struct exact  drawings  of  it  to  scale.  Of  late  years,  chronophotography 
has  taken  another  direction — that  of  the  synthesis  of  motion.  The 
analytic  images  are  made  to  appear  before  the  spectatoi-s'  eypj^  in  uni- 
form sequence,  so  as  to  reproduce  the  appearance  of  the  motion  itself. 
Everybody  is  familiar  with  such  animated  views. 

The  International  Exhibition  of  1900  enabled  us  to  bring  together 
the  documents  relating  to  the  invention  and  suceessive  improvements 
of  chronophotography. 

PABT   1. 
UBBCBimoN   OF  THB    APPAttAT[-B. 

The  principal  instruments  which,  in  the  course  of  the  development 
of  chronophotography,  have  been  devised  by  those  who  have  pursued 
this  art  were  collected  in  a  large  show  (laee  (fig.  1).'  They  were 
arranged  according  to  the  dates  of  their  several  inventions.  In  addi- 
tion four  large  frames  contained  photographs  resulting  from  the 
application  of  chronophotogi-aphy  to  various  branches  of  science. 

jVo.  1  iis  Jans.sen's  astronomical  revolver,  invented  by  that  astron- 
omer in  1873  in  order  to  show  successive  positions  of  the  planet 
Venus  near  the  limb  of  the  sun  at  her  transits. 

At  the  focus  of  a  telescope  pointed  at  the  sun  was  a  photographic 
camera,  and  the  sensitive  platd,  which  was  circular,  turned  about  its 
center  by  leaps,  so  as  to  bring  into  the  tield  a  different  portion  of  its 

'Tranelation  from  "Exposition  d'inBtniments  et  d'imagM  relatih  i.  I'llistoire  de 
la  Clironophotographie,  par  le  Docteur  Marey,  Meiubre  do  I'lnatitut,"  prinU^I  in 
pamphlet  entitled  Mua^e  Centennal  de  la  Classe  12  (Photofcraphie)  >L  I'Expoeition 
UniveiBelle  Internationale  lie  IWO  A  Pari? — M<^tro photographic  and  Chronophoto- 
graphie. 

*  Photochronography  was  the  Jonn  of  the  woni  originally  employed  by  the  writer, 
but  It  haa  been  modifled  in  ccHiformity  to  a  decision  of  the  Congrefls. 

"The  exhibits  were  ammged  in  chronological  order  anil  numbered,  but  the  illus- 
tration (Ag.  I )  in  Dr.  Marey's  article  waa  on  loo  small  a  scale  to  show  detub  and  ie 
here  omitted.  ^  iOOqIc 
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border  at  the  cud  of  every  70  seconds  of  time.  In  that  way  a  .scries  of 
ima^»  were  obtained  (fig.  2)  which  showed  the  successive  positions  of 
the  planet  on  the  sun.  She  was  seen  to  penetrate  the  linib,  to  cross 
the  disk,  and  finally  to  depart;  and  the  interval  between  the  im^es 
being  known,  the  velocity  of  the  movement  could  be  measured.  This 
experiment  seems  to  have  been  the  earliest  achievement  of  a  chrono- 
phot<^raph;   for    though    others    before    Janssen   conceived   bolder 


attempts,  there  was,  in  an  exhibition  of  real  things,  no  place  to  show 
plans  or  projects  impracticable  at  the  time  of  their  invention.* 

No.  2.  Aiui/j/Hig  of  the  miitions  of  animals  by  the  method  of  Muy- 
bridye,  1878.— ^h\»  celebrated  photographer   of   San  Francisco   suc- 

■In  an  article  im  the  "Beginnings  of  the  Cinematograjth "  in  Camera  Obscim  for 
February,  1901,  Mr.  Charles  Niewengloweki  refera  to  an  ingeniouB  idea  of  18&7  of 
Charles  Adolphe  R«ville  of  bringing  into  a  etereoeoope  a  succ<«8ion  of  double  photo- 
graphs of  the  phase?  of  a  phenomenon.  But  for  that  purpoxe  it  would  have  been 
necessary  to  take  the  pboti^raph^  of  the  objecte  in  motion,  which  at  that  date  would 
havo  been  impoeeible,  except  at  the  lowest  velocities.  The  same  article  figures  an 
ap{iaratus  devised  in  America  aliout  IStil  by  C-oteinan  Seliera,  It  was  tilled  a 
"Htereophanlascoi>e,"  and  wax  intended  to  obtain  the  t«nie  n^ult  as  Reville.  The 
most  remarkable  conception  was,  by  all  odds,  that  of  M.  Ducos  du  Ejauron,  who  in 
March,  1864,  took  out  a  patent  for  an  app<irntut  for  photographing  any  Kfiie  with  ^att 
the  trar^formations  which  it  might  go  thmugk  tii  n  ghtn  time.     How  to  take  the  photo- 
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cee<]e(l  in  tixinfr  in  isuutiossive  instantaneout^  photographs  all  the  phaaee 
of  the  gait8  of  a  horse,  even  at  the  swiftest  gallop.  He  studied  by  the 
same  method  the  motions  of  man,  as  well  as  the  principal  type:4  of 
quadruped  locomotion. 

His  arrangement  was  as  follows:  Multiple  tameraa,  numbering  from 
12  to  ^,  ac<;ord)ng  to  circumstances,  were  arranged  in  series  and 
pointed  on  a  ti-ack  where  a  horse  was  galloping.  Each  mmei'a  had  a 
quick-acting  shutter  worked  by  an  electro-m^net.  In  passing  along 
the  track  the  hor«e  successively  broke  a  series  of  wires,  each  of  which 
in  breaking  set  free  the  shutter  of  one  of  the  cameras.  Things  were 
so  arranged  that,  as  he  passed  along,  the  animal  caused  the  successive 
production  of  a  series  of  instantaneous  photographs  (fig.  3).* 

Muybridge's  method  was,  shortly  after,  used  by  AnschQtz,  of  Lissa, 
who  Meems  to  have  made  some  improvements  in  it.     In  particular  he 


was  favored  by  fortune  in  being  able  to  use  the  newly  discovered 
plates  of  gelatino-bromide  of  silver.  Some  line  series  of  photc^raphs 
by  Anschutz  were  shown  in  the  glass  case. 

No.  3.  C kronophotography  on  a  plate  fixed  before  a  camera  dbecura, 
Marey,  18S^.—T)ie,  analysis  of  motion  by  chronophotography  was 
already  worthy  of  attention  in  1882.  The  apparatus  was,  however, 
too  costly,  while  the  measures  of  distances  and  times  were  defective, 
when  the  writer  endeavored  at  once  to  simplify  the  experiments,  and 

gnpha  and  how  to  project  them  in  animated  foriii  is  thoroughly  explained  and  fig- 
ured in  the  patent  of  M.  Ducos  du  Hauron;  bnt  the  idea  wae  entirely  impracticable 
at  the  time. 

It  may  be  added,  in  all  thette  apparatus  the  pereeption  of  movement  ie  due  to  the 
persisleni.'e  of  retinal  impre§sions,  which  wae  the  principle  of  Plateau's  phenakieti- 
scopeof  1833. 

■We  plaee  the  experimenta  of  Muybridge  along  with  thoaeof  chronophotography, 
aUhoi^hthiitingeniouB  experimenter  did  not  succeed  in  taking  his  instanUneouBpho- 
b^raphs  at  equal  intervals  of  time.  For  the  velocity  of  the  horse  not  being  quite 
uniform,  the  eqnidislant  wires  were  not  reache<l  at  equal  intervals  of  time.  Besides, 
the  wire  was  more  or  less  strelcheil  before  rupture  took  place.  From  these  causes 
there  wae  a  certain  inequality  in  tlie  rales  of  succesion  which  Muybridge  did  not 
succeeil  in  salisfoctorily  overcoming  by  letting  off  the  ehuttere  independently  of  the 
horae'e  motion. 
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at  the  aamo  tiuie  to  f^ive  tbein  precision.     Tbe  principle  of  the  first 
method  employed  viaa  as  follows: 

Suppose  an  ordinary  camera  to  be  pointed  at  a  perfectly  dark  field, 
and  that  an  opaque  disk  in  front  of  the  lens  is  pierced  with  narrow 
openings  and  turns  about  its  center.  Every  time  an  opening  passes 
before  the  objective  the  light  would  be  admitted,  if  there  were  any 
light  in  the  field.  But  there  being  no  light,  none  penetrates  tJie 
camera;  and  when  the  plate  is  developed  it  is  seen  not  to  have  been 
affected.  If  a  strongly  lighted  man  or  animal  were  to  cross  the  dark 
field,  earh  admission  of  light  would  produce  an  image  of  the  animal, 
and  a.s  the  latter  moved,  photographs  of  it  would  be  taken  on  the  plate 
at  different  places  and  in  different  attitudes.  Such  an  arrangement, 
however,  would  not  answer.  Fig.  4  shows  the  apparatus  in  its  real 
form.  Within  a  cubical  box  is  seen  the  camera  with  it«  lens.  Behind 
it  is  the  plate  holder  or  back,  C,  which  slides  in  grooves.  Between 
the  plate  holder  and  the 
camera  revolves  the  slitted 
disk  grazing  the  sensitive 
plate — in  short,  whatiscalled 
a  plate-shutter.  This  disk, 
D,  with  its  narrow  openings, 
f ,  is  worked  by  a  clock  move- 
ment furnishe<l  with  a  speed 
governor,  and  is  set  in  mo- 
tion by  a  handle.  Fig.  5 
(PI.  1)  shows  the  flight  of  a 
white  duck,  which  passes 
l>efore  the  dead  black  back- 
ground. The  succession  of 
images  i.s  from  left  to  right. 
Eight  different  »ttitudes  are  shown  during  one  complete  stroke  of  tbe 
wings.  They  reveal  the  details  of  the  mechanism  of  flight.  In  order 
to  appreciate  the  dimensions  of  the  animal  and  the  extent  of  It'^  flight, 
a  divided  rule  is  placed  l>efore  the  dark  field.  It  is  photographed  and 
serves  as  a  scale.  Finally,  in  order  to  show  the  intervals  of  time 
between  the  successive  images,  at  the  lower  right-hand  corner  of  the 
dark  field  is  placed  a  chronograph,  consisting  of  a  dial,  which  has  a 
white  hand  completing  an  entire  revolution  in  a  second.  Every  time 
the  shutter  disk  admits  light  and  causes  a  photogmph  of  the  bird  this 
hand  is  likewise  photographed.  Since  it  is  seen  to  occupy  eight  suc- 
cessive equidistant  positions  on  the  dial,  it  is  evident  that  tlie  intervals 
have  all  been  one-eighth  of  a  second. 

.  yt'.  4-  Dnrk  field  for  i-hronophoingraphy  tin  a  fixed  plate. — No  l«dy 
is  quite  black.  Chevreul  showed  that  absolute  blackness  can  only  be 
procured  by  means  of  a  hole  into  a  cavity  with  blackened  walls,  upon 
which  no  light  is  allowed  to  .shine.     [That  is.  there  should  t>e  anotncr 
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black  hole  facing  the  first,]  In  order  to  approximate  to  these  ideal 
conditions,  the  writer  constructed  a  deep  ahed  tapestried  with  black 
velvet  and  facing  so  that  no  light  penetrated  it.  In  that  way  very 
shai'p  imagey  are  obtained  upon  an  unclouded  background. 


No.  5.  Figures  in  relief  obtained  by  t/ie  use  of  chronophotogTaphy. — 
A  single  apparatus  only  gives  the  projection  of  the  motions  on  a  plane 
pei-pendicular  to  the  optical  axis  of  the  instrument.  But  if  three 
chronopbotograph  camei'as  are  focused  on  dark  fields  or  dead-black 


hackgraunds  perpt^idicularly  to  one  another  (fig.  f>),  the  animal  repre- 
sented will  Ixj  seen  from  three  different  points  of  view,  which  will 
enable  us  to  understand  its  real  attitudes  by  reference  to  the  thi-ee 
dimensions  of  space.  Fig.  7  shows  a  series  of  bixinzc  ligiircs,  united 
SH  1901—21 
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each  to  the  next,  und  representing  the  sueccttsive  attitudcM  of  a  sea- 
gull in  Sight. 

No.  6.  Phf>t<yrnphlc  gun,  J8SS.— In  the  study  of  the  flight  of  birds 
the  necessity  of  operating  before  a  dark  field  or  dead-black  back- 


ground restricts  extremely  the  number  of  )>osRible  experiments.  In 
order  to  analyze  free  flight  it  wa.^  requisite  to  l>e  ahle  to  operate  in  case 
of  need  on  the  bright  i<ky  and  to  arrange  an  apparatus  capable  of  being 


aimed  at  a  moving  bird  like  a  gun.  The  photographic  gun  (fig.  8)  con- 
tains in  its  barrel  a  long-focus  objective.  In  its  breech  there  turns  a 
circular  plate,  which  presents  to  the  focus  of  the  objective  different 
points  of  its  Ixjrder.     In  short  the  apparatus  is  analogoti.s  to  the  astro- 


mSTOBT    OF   OBBONOPHOTOORAPHT.  328 

nomical  rerotver  of  Janssen,  with  this  difference,  that  it  produces 
pictures  about  800  times  more  frequently,  which  calls  for  a  pretty  deli- 
cate mechanism.     Fig.  9  shows  the  photograph  of  a  gull  in  free  flight. 

iVb.  7.  M.  Londii'g  apparatva  \oithmvUiple  objectives,  1883. — Return- 
ing to  the  method  of  Muybridge,  with  a  very  important  improvement, 
M.  Lionde,  aided  by  M.  Dessoudeix,  constructed  an  apparatu.s  in  which 
a  series  of  twelve  objectives  form  their  images  upon  different  parts  of 
a  rectangular  plate  of  large  size.  An  ingenious  arrangement  causes 
the  successive  opening  of  these  objectives  at  equal  intervals  as  shortas 
may  be  desired.  The  analysis  of  the  motion  is  consequently  very  per- 
fect. The  order  of  the  ima^^  can  not  be  deranged,  since  they  are  all 
obtained  on  one  plate.  But  the  number  of  pictures  is  limited  by  the 
necessity  of  having  a  separate  objective  for  each.  General  S^bert  by 
a  similar  method  analyzes  the  phases  of  the  motion  of  torpedoes. 

No.  8.  Mvltiplicotion  of  the  numht-r  of  pictures:  1.  Partial  photo- 
yriiplig.  %.  Dissoc\atimioftheivMg6»heforethedaTkfit-Ul.  3.  Photo- 
ijrapha  on  a  jUvi  ribboti  in  motion,  1887-88. — A  perfect  analysis  of 


motion  requires  that  the  photographs  be  taken  at  as  short  intervals  as 
may  be,  yet  for  as  long  a  time  as  pout^tble.  If  we  merely  make  the 
rotation  of  the  shutter-disk  fa.stci-.  the  number  of  images  will,  it  is 
true,  be  augmented,  but  the  animal's  locomotion  not  being  thereby 
accelerated,  the  result  will  be  that  the  photc^raphs  will  be  taken  so 
close  together  that  they  interfere  with  one  another  and  produce  the 
confused  effect  seen  in  figure  7.  A  first  way  of  avoiding  this  confusion 
is  to  photograph,  not  the  entire  body  of  the  subject,  but  only  certain 
points  or  lines  whose  position  is  significant  of  the  facts  we  desire  to 
know.  A  man  dressed  completely  in  black  (fig.  10),  and  consequently 
invisible  upon  the  dead-black  background,  wears  certain  bright  points 
and  lines,  strips  of  silver  lace  attached  to  his  clothes  along  the  axes  of 
his  limbs.  When  this  man,  so  rigged,  passes  in  front  of  tlie  apparatus, 
photographs  will  result  that  will  be  accurate  diagrams  to  scale  (fig. 
11),  showing  without  confusion  the  postures  of  upper  and  lower  arms, 
thighs,  lower  legs,  and  feet  at  each  instant,  as  well  as  the  oscillations 
of  the  head  and  of  the  hips.  The  method  also  allows  the  play  of  the 
joints  to  be  studied.  CitlDolc 
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Still,  it  was  desirahio  to  multiply  the  images  while  showing  the 
whole  body.  For  that  purpose  the  insufficiency  of  the  advance  of  the 
subject  has  to  be  made  up  for  by  a  displacement  of  the  image  on  the 
plate.  This  can  be  brought  about  in  several  ways.  In  the  tiixt  place, 
the  camera,  with  its  attachments,  can  be  pivoted  on  its  support  and 
caused  to  turn  about  a  vertical  axis.  The  difficulty  of  moving  the 
considerable  mass  uniformly  caused,  however,  the  abandonment  of  this 
method  in  favor  of  the  rotation  of  a  mirror  by  clockwork,  causing  the 
reflection  to  strike  different  points  of  the  plate.  In  this  way  a  series 
of  complete  photographs  are  obtained,  following  one  another  at 
extremely  short  intervals  of  time.  Indeed,  the  frequency  of  the 
photographs  may  be  made  very  great.  Their  total  number  is,  how- 
ever, restricted  because  the  optical  axU  of  the  instrument,  being  dis- 


placed along  the  black  background,  soon  reai^hes  the  end  of  it.  A 
final  solution  was  to  bike  the  photographs  upon  different  points  of  a 
long  tillet  which  moves  along  the  focal  plane  of  the  camera  and  is 
stopped  long  enough  for  each  cxp<)s»i'e. 

Chnmop/iotoffttiphy  on  a  Jilm  riM/oii,  Mart-y,  JSS7:  In  consequence 
of  the  invention  of  the  kodak,  long  paper  fillets  of  gelatino-brnmide  of 
silver  had  become  articles  of  commerce.  A  little  later  transparent 
films  made  their  appearance;  and  these  were  stilt  more  appropriate  for 
the  chronophotography  of  long  series  of  pii-tures.  Three  iiatterns  of 
apparatus  were  exhibited  in  the  case  under  No.  S.  Those  showed  the 
successive  .steps  of  Invention. 

Type  a;  The  apparatus  {fig.  12)  worked  in  the  red  light  of  the  dark 
room.  The  objective  was  pointed  outward  across  a  conical  shade.  In 
the  place  of  the  ordinary  plate-holder  was  placed  a  shelf  carrying  a 
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clockwork  R,  which  led  a  long  jwper  ribbon  over  rollers.  The  rota- 
tion of  the  disk  made  an  electric  contact  at  each  passage  of  a  slit,  in 
consequence  of  whicrh  an  electro -magnet  squeezed  the  band  and  stopped 
it  long  enough  for  the  exposuie. 

Type  b:  It  was  necessary  to  avoid  the  extreme   inconvenience  of 
only  being  able  to  photogi-apb  within  the  dark  i-oom.     A  small  porta- 
ble box,  B,  was  therefore  made  for  the  fillet,  which,  having  been  filled 
in  the  dark  room,  could  lie  carried  out 
with  the  rest  of  the  chronophotographic 
apparatus,  as  .shown  in   Jig.    13.     The 
results  were  more  satisfactory. 

Type  c:  lTltimatx>Iy  the  spplicAtion  of 
electricity  was  given  up,  and  the  motion 
and  stoppages  of  the  film,  instead  of  be- 
ing governed  by  an  independent  clock- 
work, were  connected  with  the  inove- 
menbj  of  the  disk. 

No.  9.  Double-action  chrinuijiJti'f'i- 
graphy. — With  a  view  of  obtHining  an  pi^  jj 

apparatus   which   should,   at  pleasure, 

either  work  upon  a  fixed  plate  or  upon  h,  moving  film,  an  instrument 
was  constructed  represented  by  No.  9  in  the  glass  case.  Thi.s  apparatus 
(fig.  14)  is  composed  of  a  fore  part,  which  slides  in  grooves.  This  fore 
part  carries  the  objective  and  is  cut  so  as  to  allow  the  shutter -disk  to 
pass.    The  movement  of  the  latter  is  governed  by  a  rod  of  variable 


length  {so  as  to  permit  focusing)  connecting  with  clockwork  within  the 
after  part  of  the  apparatus.  In  this  after  part  can  be  placed  an 
ordinary  plate  holder  for  chronophotography  on  a  fixed  plate;  or,  if 
desired,  the  plate  holder  being  removed,  movable  films  may  be  intro- 
duced. These  go  into  a  back  chamber,  the  open  lid  of  which  is  shown 
in  the  figure.  The  film  riblions  could  be  inserted  m  daylight  in  con- 
sequence of  their  l>cing  prolonged  at  lioth  ends  by  ribbons  of  opaque 
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paper  (fig.  15).  When  the  whole  was  wound  up  round  ite  spool  before 
being;  put  in,  the  film  was  protected  from  light  by  outer  layers  of 
opaque  paper;  and  when  the  work  was  done  and  the  film  was  wound 
upon  the  other  spool  it  was  equally  protected  by  the  other  terminal  of 
opaque  paper  so  that  it  could  be  i-emoved  from  the  apparatus  in  the 
light  without  becoming  clouded. 

This  apparatus,  which  was  ea,sily  used,  sufficed  for  three  yenrs  for 
the  writer^s  researches  into  the  motions  of  man  and  of  animals.  Like 
Muy  bridge,  Anscbutz, 
and  Demeny,  he  aimed  to 
obtain,  by  Plateau's 
method,  tbe  reproduction 
of  the  analyzed  motions. 
At  the  exhibition  of  1889, 
a  zootrope  moved  by  elec- 
tricity showed  animals 
in  motion,  as  well  as  men, 
birds,  horses  at  different  gaits.  But  since  the  zootrope  does  not  allow 
many  figures  to  be  shown,  the  writer  was  restricted  to  exhibiting  short 
movements.  He  therefore  cast  about  for  methods  of  showing  scepet« 
of  long  duration. 

31^.  10.  Ch-onophotograpliic  pmjeetfir,  W95.— This  apparatus  carries 
an  endless  belt  of  photographs  to  the  focus  of  an  objective  which  pro- 
jects them  upon  a  screen.  Fig.  16  shows  the  path  of  the  rays  in  the 
projector.     A  pencil  of  parallel  rays,  rcfiected  by  a  heliostat  comes 


from  S,  and  falU  upon  a  convex  lens  I,.  This  pencil  brought  to  a 
focus,  passes  at  t  thi-ough  a  hole  in  n  diaphragm,  meets  the  shutter- 
disk  d,  which  is  turned  by  a  crank,  passes  through  every  window  tbct 
comes,  then  divei^es  and,  mcetingthe  lens/,,  similar  to  the  first,  regains 
its  parallelism,  is  reflected  at  45*-^  from  a  mirror  forming  the  lid  of  the 
box,  falls  vertically  upon  another  mirror  at  tbe  same  inclination,  and 
now  passes  to  the  objective.     But  in  this  last  part  of  its  course  it 
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traverses  the  film,  j,  which  carries  the  positive  photographs,  and  these 
photographs,  magnified  by  the  objective,  are  thrown  upon  the  strreen. 

The  motion  of  the  film  at  it^  halts  at  eaob  flash  are  brought  about  by 
an  apparatus  not  shown  in  the  figure.  It  is  similar  to  that  of  the 
simple  chronopbotograpbic  apparatus,  with  the  difference  that  the 
positive  film,  having  it-j  ends  fastened  together  to  make  an  endless 
belt,  passes  over  a  series  of  rollers  which  stretch  it  taut.  The  princi- 
pal imperfection  of  the  chronophoti^raphic  projector  was  a  jerkiness 
due  to  imperfect  equality  of  the  intervals. 

No.  11.  Edi)s(iT^s  Tnnetmcope^  lS9^.—^x.  Edison  found  a  means  of 
e<|ualizing  the  intervals.     It  was  to  perforate  the  sensitive  film  by  a 


series  of  equidistant  holes  and  gear  it  to  a  pin  cylinder.  It  was  impos- 
sible to  procure  a  kinetoscope  to  exhibit  in  the  glass  case;  but  every- 
body, of  late  years,  has  seen  this  remarkable  instrument  in  action.  It 
shows  living  scenes  acted  out  for  more  than  a  minute  with  absolute 
precision.  In  Edison's  apparatus  the  film-ribbon  never  was  arrested; 
but  the  images  were  rendered  sharp  by  the  extreme  brevity  of  the 
illumination,  which  was  only  ,b'oj  of  a  second.  A  single  spectator, 
looking  through  eyepieces,  could  see  the  living  pictures  of  the 
kinetoscope. 

No.  12.  Lutnih't's  dne^naiot/rapli,  75.95.— This    instrument  finally 
gave  the  desired  result — that  is  to  say,  the  projection  on  a.  .screen  of 
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living  scenes  visible  to  an  assembly  and  presenting  a.  perfect  illusion. 
The  success  of  this  invention  was  immense,  and  has  not  passed  away. 
Fig.  17  shows  the  cinematograph  open  and  arranged  for  taking  photo- 
graphs. A  film,  perforated  like  that  of  Edison,  is  rolled  up  in  a  closed 
box  cV  on  the  top  of  the  apparatus.  It  passes,  in  an  intermittent 
tnanner,  to  the  fociis  of  the  objective,  being  drawn  forwaixi  by  a  sys- 
tem of  claws  which  catch  in  the  holes  of  the  film.  The  reciprocating 
motion  of  these  claws  gives  intcrmittency  to  the  motion  of  the  ribbon. 
After  exposure  the  film  is  received  in  another  closed  box,  invisible 
in  the  fijfui-e.  It  was  important  to  make  the  claws  acquire  and  lose 
their  velocity  as  gradually  as  possible,  so  as  not  to  fear  the  film.  The 
Messrs.  Lumicre  suc<-eede<l  in  effecting  this  by  means  of  a  triangular 
cam,  fig.  18,  which  is  the  essential  part  of  the  apparatus.  During 
two-thirds  of  the  whole  time  the  film  is  at  rest. 

For  the  projection  of  the  positives,  the  Messrs.  Lumieie  make  use 
of  a  special  arrangement,     A  powerful  electric  lamp  brilliantly  illu- 
minates the  film.     In  this  way  very  bright  projections  are  obtained  of 
2.')  i)y  1!'  feet  (7.7.5  m.  by  5.S0  m.),  the  figures  on  the  film  measuring 
only  1  by  i  inches  (25  by  22  mm.).     In 
the  gla.ss  case  by  the  side  of  the  cinemato- 
graph sevei-al  ribbons  printed  on  paper 
showed  the  jjerfection  and  happy  choice 
of  the   photographs  obtained  with  this 
instrument. 

The  success  of  the  cinematograph  gave 
birth  to  many  forms  of  apparatus  for  the 
projection  of  living  pictures.  Most  of 
them  differ  very  little  from  the  instni- 
mont  of  Mojssrs.  Luniiere,  and  were  not 
shown.  Two  types,  however,  of  marked 
originality  merit  special  mention. 

iVo.    ^.    Captain  Gosxarfs  aj>j>aratus 
wit/i    iiKcUlatimj    lAjeciive,    1S97. — This 
instrument  gives  photographs  of  very 
large  dimensions.    Its  author  has  applied 
Fig.  11,  it  to  the  study  of  the  gaits  of  the  horse. 

Fine   specimens   of   its   work  were  ex- 
hibited.    It  is  not  adapted  to  projections. 

iVo.  i5.  The  Ah'thoravia  of  Messrs.  Cfie^'i-Rousseaxi  and  Mortier, 
1S97. — ^This  is  a  projecting  apparatus  in  which  the  perforate*!  film- 
ribbons,  as  they  pass  along,  give  reflections  of  their  pictures  from  a 
series  of  prisms.  The  projections  are  exceedingly  bright  and  steady, 
and  altogether  make  a  fine  effect.  The  apparatus,  however,  seems  to 
be  hard  to  adjust,  and  docs  not  appear  to  ha\e  been  taken  up 
practically. 
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FlQ.    19.— MaHEY'S  CMRONOPMOTOaHAPHIO  APPARATUS. 


Fig.  20.— CHRONOPHOToaRAPHic  Gun. 
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X".  IG.  Analyzi)ig  and  prtrfucting  chr(mophoti>graph,  Marey,  1898. — 
The  writtT  has  pushed  the  improvement  of  his  chronophotographic 
appai-atiiK,  so  as  to  obtain  perfect  equidistance  of  the  views,  and  has 
succeeded  in  doinjf  so  while  prcservinff  the  main  principle  of  not 
perforating  the  films.  For  perforation,  besides  wearing,  so  as  no 
longer  to  bring  the  pictures  around  regularly,  also  occupies  a  zone  of 
iV  of  an  inch  (2.6  mm.)  on  each  edge  of  the  ribbon,  a  loss  which  is 
more  important  the  narrower  the  film.  The  writer  has  succeeded  in 
obtaining  perfect  regularity  in  exposures  by  modifying  the  first  pair  of 
rollers  which  takes  the  film.     The  apparatus  is  shown  in  Jig.  19  (PI.  II). 

In  making  projections,  a  further  difficulty  arose,  namely,  the  posi- 
tive film  undergoes  some  shrinkage  in  the  succes-sive  developments 
requisite  to  obtaining  it,  in  consequence  of  which  the  pictures,  being 
too  near  together,  pass  by  too  soon,  and  tend  to  leave  the  field  of 
the  screen.  A  simple  drag  or  brake  upon  the  magazine  spool  corrects 
this  fault.  Positive  ribbons  of  difiFercnt  breadths  were  exhibited, 
showing  the  sharpness  and  equidistance  of  the  photographs. 

N'o.  17.  Microscopic  chronophotography.,  1899. — The  writer  has 
adapted  the  chronophotograph  to  the  study  of  motions  which  take 
place  in  the  field  of  the  microscope.  In  order  to  avoid  exposing  the 
animals  studied  to  the  heat  of  an  intense  illumination,  an  arrangement 
was  adopted  in  which  the  shutter-disk  only  effect"  the  lighting  up  of 
the  preparation  during  the  time  of  exposure,  which  is  about  one- 
five-hundredth  part  of  a  second.  This  done,  the  brightest  light  no 
longer  produced  any  injurious  effects.  Numerous  photographs  were 
exhibited,  together  with  the  instrument. 

No.  18.  Chr<mophotoc/j'aphic  gun  with  a  film  rOhoti,  1S99. — In  its 
original  form  the  photographic  gun  only  gave  twelve  views.  For  a 
more  extended  series  an  instrument  of  a  new  type  (fig.  20,  PI.  II) 
was  constructed,  in  which  the  sucees.'^ive  photographs  are  taken  on  a 
band  66  feet  (20  m.)  long.  The  shutter  is  formed  of  a  light-cock, 
which  is  far  less  cumbrous  than  a  disk.  In  the  stock  of  the  gun  is  a 
clockwork  moved  by  a  dynamo.  Whenever  the  trigger  is  pulled  the 
circuit  is  closed  and  the  film  begins  moving,  and  does  not  stop  until 
the  trigger  is  let  go.  Light  accumulators,  or  a  portable  pile,  furnish 
the  necessaiy  current. 
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Animated  pixijections,  interesting  as  they  are,  are  of  little  advan- 
tage to  science,  for  they  only  show  what  we  see  better  with  our  own 
eyes.  At  best,  they  serve  to  slow  a  motion  which  is  too  quick  for 
direct  observation,  or  to  accelerate  it  if  its  extreme  slowness  causes  us 
to  miss  some  of  its  featui-es.  C^i-iriolc 


330  HWTOBY   OF   OHBONOPHOTOQBAPHY. 

In  the  former  case  photographs  are  taken  at  the  rate  of  40  or  50  t 
the  second  and  are  projected  in  three  or  four  timea  the  origiaal  tiDi*; 
We  can  tbu-s  show  a  hor«e  galloping  or  a  bird  fiying  so  slowly  thu 
the  eye  can  follow  the  motions  of  the  limbs.  Id  the  other  case  tfa< 
pbotc^rapbs  are  taken  at  very  long  intervals  and  are  projected  ii 
rapid  succession.  For  thi«  purpose  the  writer's  chronopbotograpl 
(fig.  19,  PI.  II)  ia  furnished  with  an  arbor  upon  which,  if  the  crank  is 
fitted,  the  effect  is  that  only  one  photograph  is  taken  at  each  turn. 
The  slowest,  almost  imperceptible  motions  of  clouds,  taken  at  lung 
intervals  and  rapidly  projected,  are  translated  into  a  rapid  and  Htrik- 
ing  agitation. 

What  is  generally  important  in  the  study  of  a  motion  is  to  obtain  a 
geometrical  drawing  of  it.  Chronopbotogi-aphy  upon  a  fixed  plate 
gives  such  a  drawing  to  stale  exactly.  Chronophotographj'  on  a 
movable  film  may  do  so  by  the  aid  of  certain  devices  whit-b  will  be 
descrilicd  below.  Chronophotography  on  a  fixed  plate  has  furnished 
the  expttriinental  solution  of  many  problems  of  geometry,  mechanics, 
physira,  and  physiology  that  no  other  metho<l  could  so  readily  have 
solved. 

tfEOMETRY.  FdrmatiiminyKiciuif  gecmetri^  figures  of  three  dimen- 
sions.—{jeiomeXKiva  AefiYiG  this  sort  of  figures  by  saying  that  they  are 
generated  by  straight  lines  or  curves  of  different  forms  displaced  in 
different  ways.  Chronophotography  realizes  this  conception  com- 
pletely. Before  the  pitch-dark  field  a  white  rod,  lighted  up  and  sub- 
jected to  a  displacement  in  space,  leaves  on  the  photographic  plate  tlie 
vestiges  of  its  .'<ucce.'*Mive  positions.  It  genei-ates  on  the  plane  of  the 
plate  the  projection  of  the  figure  in  three  dimensions  which  it  has 
formed.  In  that  way  has  tieen  obtained  (fig.  21,  PI.  Ill)  the  projection 
of  a  sphei-e  on  a  i>lane.  A  Imnd  of  paper,  white  on  one  side,  l)lack  on 
the  other,  was  curved  into  a  semiciix^ular  form  and  rotated  a)>out  its 
chord.  The  figure  »o  formed  would  have  altogether  the  appearance 
of  a  solid  sphere  if  a  greater  frequency  of  the  illuminations  had  pre- 
vented the  discontinuity  of  the  surface  generated. 

Fig.  i!2  (PI.  Ill),  the  projection  of  a  [one-sheeted]  hypei'boloid  of 
i'e\'ohition,  was  generated  by  a  string  placed  oblique  to  the  vertical 
axis  round  which  it  turned. 

If  figures  with  their  relief  are  sought,  the  photographs  should  be 
taken  with  a  stereoscopic  apparatus.  Fig.  23  (PI.  Ill)  shows  in  this 
way  an  hyperboloid  with  its  asymptotic  cone.  These  examples,  taken 
from  very  simple  cases  of  geometry,  enable  us  to  imagine  what  variety 
of  forms  would  be  obtained  with  complex  curves  subjected  to  varied 
motions.  There  would  be  very  simple  experimental  solutions  of  prob- 
lems of  geometry  sometimes  most  complicated. 

Mechanics,— Mechanics  is  founded  on  the  laws  of  motion,  laws  of 
spaces  described,  of  velocities,  and  of  accelerations...  The  difliculties 
r,,i,,,.i   .C.dOi^lc 
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which  Galileo  and  Atwood  Eturmounted  to  determine  these  lawu  will  for 
the  future  be  saved  in  all  analogous  cases  for  those  who  shall  employ 
chronophotography  for  the  purpose.  We  shall  only  have  to  allow  the 
body  whose  motion  (fig.  24,  PI.  Ill)  is  to  be  studied  to  fall  befoi-e  the 
pitch-dark  background,  and  its  positions  will  be  marked  upon  the  sensi- 
tive plate;  the  chronograph  will  give  the  interval  of  time  which  elapses 
between  the  body's  arrivals  at  the  positions  figured;  the  scale  of  milli- 
meters will  measure  the  distances  described.  The  same  arrangement 
enables  us  to  make  interesting  studies  of  the  resistance  of  the  air. 

Hydrodynamics  is  commonly  taken  to  be  one  of  the  most  compli- 
cated sciences.  The  nature  of  undulations,  the  nature  of  violent 
waves,  the  internal  motions  of  molecules  in  a  shaken  liquid,  the  man- 
ner in  which  stream  lines  behave  when  tbey  meet  obstacles  of  different 
forms,  all  these  questions  are  still  discussed  as  if  they  were  diCBcult 
All  these  problems  find  their  experimental  solution  in  chronophotog- 
raphy. 

All  that  is  wanted  is  to  render  visible,  and  alone  visible,  before  a 
dark  ttackground,  those  parts  of  the  liquid  of  which  we  wish  to  know 
the  motion.  For  that  purpose  into  a  canal  formed  of  transparent 
plate  glass  is  to  be  poured  some  very  clear  water.  A  mirror  inclined 
at  a  convenient  angle  and  placed  under  this  canal  refiects  the  light  of 
the  sun,  which  then  traverses  the  liquid  mass  fro.n  below  upward.  The 
water  is  not  illuminated;  but  at  the  surface  of  the  water,  at  the  point 
whei-c  the  wall  of  the  glass  is  moistened  by  the  liquid,  a  meniscus  is 
fonned,  and  the  under  convex  surface  of  this  meniscu-s  sends  by  total 
reflection  a  very  bright  thread  of  light,  which  oscillates  like  the  sur- 
f8<w  of  the  liquid  itself.  The  photographic  objective  will  make  upon 
the  sent^itive  plate  a  photograph  of  this  line  with  all  ite  movements. 

The  interior  of  the  liquid  is  not  lighted  up.  In  order  to  render  cer- 
tain points  of  this  mass  and  to  perceive  the  displacements  which  they 
undergo  it  is  only  necessary  to  put  into  suspension  in  the  water  small 
silvered  pearls  to  which  has  been  given  the  precise  specific  gravity  of 
the  liquid.  These  pearls  by  the  agitation  which  they  undergo  will 
express  the  motion  of  the  mole<mles  of  the  water  at  different  parts  of 
the  mass  (fig.  25,  PI.  IV). 

Other  phenomena  of  the  same  class  can  be  studied  by  chronophotog- 
raphy. ThiLs,  a  thin  inclined  plane  being  presented  to  a  liquid  cur- 
rent, the  bright  pearls  will  express  by  the  direction  of  their  course  the 
motion  of  liquid  fillets.  By  the  distances  between  their  images  tbey 
will  express  the  rapidity  of  the  current.  A  scale  of  millimeters 
immersed  in  the  water  will  measure  the  extent  of  the  motions,  while 
the  known  interval  of  time  which  separates  the  flashes  affords  the 
means  of  evaluating  the  velocity.  That  having  been  explained,  one 
glance  at  the  schIc  diagnim  (tig.  26,  PI.  IV)  will  suflSce  to  show  what 
movements  will  take  plai'«  at  the  surfaces  of  liquids  under  cenditiona 
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however  varied,  and  aluo  how  the  molecules  themaelvea  will  move   i 
the  diSerent  points  throughout  the  mass. 

Motions  of  the  air. — An  anal<^rous  arrangement  malces  it  possible  t 
render  visible  by  means  of  smoke  certain  Jillets  of  air  in  the  midst  o 
a  regular  current.  We  ascertain  in  that  case  by  chronophotogxapfa^ 
the  changes  of  directioc  and  of  velocity  of  this  current  when  it  meet; 
obstacles  of  different  forms. 

In  a  large  canal  having  walU  of  plate  gla»s  and  before  a  dark  back- 
ground a  draft  of  air  is  created  by  means  of  a  ventilator.     In  ordei 
to  r^ulate  the  current  it  is  filtered  through  a  very  fine  silk  gauze.     At 
the  top  of  the  canal,  we  set  free,  by  niejins  of  a  series  of  little  tubo.s, 
fillettj  of  smoke  which  descend  parallel  to  one  another  like  the  three 
cords  of  a  lyre.     Now,  if  we  place  in  the  interior  of  the  canal  obsta- 
cles of  different  forms,  we  immediately  sec  the  threads  bend  on  these 
•obstacles,  slide  over  them,  and  form  behind  them  eddicn  of  varied 
forms.     Figs.  27,  28,  and  29  (PI.  V)  show  the  same  experiment  under 
different  conditions.     In  fig.  27  a  magnesium  flash  light  illuminatc^s 
the  phenomenon  for  a  very  shoH  time.     We  see  how  the  fillets  of 
air  lick  the  piano,  slide  on  it,  and  form  backwater  behind  it.     Fig. 
28  shows   the  same   phenomenon  with  chronophotographic   indica- 
tions.    The  series  of  little  tubes  which  bring  the  smoke  are  made  to 
vibrate  ten  times  a  second,  so  that  the  smoke  no  longer  appears  in 
rectilinear  fillets  but  as  sinusoidal  undulations,  more  or  less  elongated 
at  each  point  according  to  the  velocity  of  the  current.     ThemoUon 
slows  up  upon  approaching  an  obstacle  and  is  accelerated  at  the  sides 
of  the  obstacle.     It  will  be  remarked  that  the  conceptions  of  timesud 
space  which  are  peculiar  to  chronophotography  are  brought  together  in 
this  experiment.     Finally,  in  fig.  2it  the  chronography  is  suppressed. 
The  illumination  is  no  longer  inntantaneous,  but  is  produce<]  by  the  com- 
bustion   of    magnesium 
rib)>on,  t^o  that  a  sort  of 
mean  state  of  the  current 
is  recorded. 

Ri'Kmtance  of  the  air  to 

flying   aj^raUtt.—One 

of  the  applications  of  the 

previous  cxpcnments  is 

to  make  comprehensible 

■■    ■        ■)■   -■     J  I  ■  ■      —    the  action  of  the  air  on 

^"'  ^'  apimratus    of    different 

forma  which  move  in  this  fluid.    Fig.  30  shows  more  directly  the  effects 

of  this  resistance.     It  shows  how  a  little  paper  soaring  model  left  to 

fall  vertically  behaves  and  how  it  receives  from  the  resistance  of  theair 

changes  of  direction  and  of  velocity  which  are  faithfully  represented. 

VHraiio/iM  of  ^ori/N.— These  motions  are  easily  seen  upon  bright 

cords  vibrating  before  a  dark  background.     Our  learned  fellov-aca- 
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(leinician,  A.  Cornu,  succeeded  in  thi«  way  in  rendering  perceptible  in 
H  €01x1  vibrations  of  thi-ee  kindu — the  lon^tudinal,  the  transversal,  and 
the  torsional,  A  very  light  little  niiri'or  attached  to  the  cord  indi- 
cated tbeue  three  kinds  of  motion  on  a  plate  having  a  unifomi  ti-ansla- 
tion.     Fig.  '61  is  the  negative  resqittng  from  this  experiment. 

PmrsiOLOOY,  — It  is  to  the  physiological  study  of  the  different  gaits  of 
ajiimals  and  to  the  functional  motions  of  their  different  orgaos  that 
chronophotography  has  prin- 
cipally been  applied.  Some 
types  of  the  experiraente 
which  it  has  rendered  possible 
may  here  be  illustrated. 

Terrestrial  locomotiun. — 
The  series  of  photographs 
taken  on  moving  films  have 
represented  all  the  phases  of 
motion  of  man  and  of  quadru- 
peds. Thus  figs.  32,  33,  and 
34  (PI.  VI)  represent  the  three 
normal  gaits  of, the   horse. 

One  can  easily  follow  the  succession  of  attitudes  during  the  advance  of 
the  animal.  The  sequence  of  time  is  from  above  downward.  A  dis- 
puted question  of  animal  mechanics  was  whether  a  cat  turns  over  in 
falling,  and,  if  so,  how  she  does  it  without  any  application  of  external 
force.  Experiment  has  proved  that,  as  a  fact,  she  does  so,  thus  enabling 
mechanicians  to  correct  a  current  error  of  classical  treatises. 


Locomotum  in  ?m/er '  has  also  been  studied  by  film  photography. 
These  photographfj  are  brought  together  in  order  to  facilitate  the  com- 
parison of  them.  The  loi;omotion  of  the  eel  (fig.  35)  shows  the  pro- 
gression of  undulations  of  the  body  of  the  animal  from  bead  to  tail. 
Lines  are  drawn  to  show  the  direction  of  motion  and  the  advance  of^|^ 
the  animal. 
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In  certain  Rah  the  undulations  take  place  in  the  latcra)  fins.  Xhc 
ray  (fig.  36,  PI.  VII)  iii  shown  in  side  view,  swimming  without  advanc- 
ing, its  pr<^re8.s  being  impeded.  The  same  fish  seen  from  the  front 
has  motions  which  strongly  recall  those  of  a  fiying  bird. 

Locomotioti  in  the  ah: — Not  only  ^he  flight  of  birds,  but  that  of 
insects,  studied  by  chronophotogi-aphy,  shows  the  details  of  its 
mecbanism.  The  extreme  rapidity  of  these  motions — several  hundred 
per  second — requires  extremely  short  exposui-es.  To  avoid  any  defect 
of  shai-pness  due  to  the  velocity  of  the  wing,  the  writer  has  reduced 
the  duration  of  the  fl.^h  to  less  than  one  twenty-thousandth  of  a  second. 
Only  isolated  phott^raphs  h&vc  l)een  obtained,  but  even  these  are 
highly  instructive.  Fig.  37  (PI.  VJi)  is  a  motionless  crane-fly;  fig.  38 
(PL  VII)  shows  it  in  Sight.  The  torsionof  the  wing  under  the  resist- 
ance of  the  air,  a  phenomenon  which  theory  had  pi'cdicted,  and  which 
explains  the  mechanism  of  inswt  flight,  is  shown  in  the  picture. 

Functimial  vwtione. — Independently  of  acts  of  locomotion,  the  dif- 
ferent parts  of  the  body  execute  various  movements,  the  ol»servation 
of  which  is  in  some  cases  excessively  difficult.  In  speech  and  in  mas- 
tication the  lower  jaw  takes  displaconients  that  one  would  not  have 
anticipated.  The  ribs,  in  respii-ation,  rise  and  separate  in  a  way  that 
was  of  old  unknown.  In  certain  joints  the  bones  move  about  a  fixed 
center,  while  in  othere  there  is  a  loliing  motion  of  the  condyles  over 
the  surface  in  contact  with  them.  (Chronophotogi-aphy  on  the  dead- 
black  background  gives  a  drawing  to  scale  of  all  these  motions. 
Bright  lines  or  points  fixed  to  the  organ  under  examination  interpret 
the  trajectory  upon  the  photographic  plate. 

Thus  the  motions  of  the  lower  jaw  in  the  act  of  opening  the  mouth 
are  represented  (fig.  39,  PI.  VIII)  by  those  of  a  rod  bent  at  an  angle 
and  forced  to  move  with  the  jaw.  It  will  )je  seen  that  the  motion  is 
not  a  rotation  round  the  joint,  but  takes  place  alraut  instantaneous 
centers  in  the  upright  bi-anch,  while  the  cohdj'lc  itself  slides  over  the 
surface  of  the  glenoid  cavity,  which  is  convex  downward. 

In  respiration  bright  points  fixed  upon  the  ribs  aiv  displaced  with 
the  latter  and  interpret  the  motions  of  the  rising  ribs  on  a  circular  aiv. 

Thcheart  of  an  animal,  laid  bai'eand  brilliantly  illuminated,  givps  on 
the  moving  film  the  succession  of  systole  and  diastole  of  its  auricles  and 
ventricles.  The  motions  of  the  eyes  themselves  have  been  studied  at 
the  physiological  station  by  M.  Oichansky.  He  has  chronophoto- 
graphed  the  dotted  trajectory  of  the  eyes  in  reading,  and  in  this  motion 
has  l)een  able  to  distinguish  the  components,  due  respectively  to  the 
ocular  muscles  and  to  the  displacements  of  the  head. 

Motions  of  the  air  in  the  utterance  oftlic  vowels. — The  eminent  phys- 
icist, R.  K<enig,  conceived  the  idea  of  making  the  sonorous  vii>rations 
due  to  instruments  or  to  the  voice  act  upon  ca^isules  witli  membranous 
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walU  placed  on  little  gas-burners.  These  " nmnometric  flames" 
vibrato  in  unison  with  the  sonorous  waves.  Their  images,  dissociated 
in  a  revolving  mirrar,  appear  with  indented  mantling  of  various  forms, 
accoixLing  to  the  sound.  Uut  this  fugitive  phenomenon  could  not  be 
fixed  by  photography  until  M.  Marage,  who  has  charge  of  the  acouutic 
work  at  the  Physiological  Station,  rendered  the  flames  photogenic  bj 
substituting  acetylene  for  oi'dinary  illuminating  gas.  He  has  taken 
the  photographs  by  chronophotography  on  a  ribbon  of  sensitized  paper 
having  a  translation  of  2  meters  per  second  (100  feet  in  0.254  minute). 
Fig.  40  (PI.  VIII),  shows  the  vibrations  of  the  air  for  the  French  vow- 
els I,  u,  OH,  e\  0,  a.  At  the  same  time  as  the  vibrations  of  the  vowels, 
those  of  a  special  burner  acted  on  by  a  tuning  fork  of  45  V.  D.  are 
photographed  also,  so  as  to  determine  the  pitch. 

Jli-pn-si-niatwim  of  jnotw?i8  in  scale  pictures  conformed  to  separate 
•pJiotoyraphs. — The  impressions  by  chronophotographs  on  a  moving 
film,  complete  as  they  arc,  are  hard  to  utilize,  on  account  of  the  diffi- 
culty of  comparing  the  separate  photographs.  In  some  cases  this  com- 
parison can  be  facilitated  by  bringing  the  photographs  together.  But 
it  would  be  more  satisfactory  to  be  able  to  arrange  them,  each  in  its 
place,  on  a  single  picture  to  scale.  The  writer  has  accomplished  this 
by  means  of  successive  projections  and  counter  proofs  on  the  same 
sheet  of  paper. 

Let  a  gymnast  throw  a  weight.  (This  is  chronophotographed  on  a 
ribbon.)  Irft  us  project  the  fiist  photograph  and  carefully  counter- 
pmvc  the  form  of  the  l>ody.' 

After  this  first  pi*ojection,  let  us  project  the  second  photograph  upon 
the  same  sheet,  and  then  a  third,  taking  care  to  preserve  the  registry 
exact  by  fixed  points  which  we  have  chosen.  (That  is,  the  horizontal 
line  and  object  r  Will  have  been  sharply  drawn  on  the  ba4.-k  of  the 
drawing  paper;  and  in  making  subsequent  projections  care  is  taken  to 
have  that  line  and  object  fall  upon  precisely  the  same  places.)  We 
shall  thus  have  obtained  a  series  of  counter -proofs  representing  the 
successive  attitudes  of  the  gymnast.  Fig,  41  \yas  been  constructed  in 
this  way.  It  affoids  complete  information  as  to  the  extent  and  velocity 
of  cacli  of  the  motions  represented. 

In  this  case  only  every  third  photograph  has  been  di-awn,  in  order 
to  avoid  confusion  in  the  picture  to  scale;  but  while  reducing  the  num- 

*  1  suppose  lie  means  that  the  perverlet)  negative  is  projected,  or  in  some  way  that 
the  projection  is  pervert^,  and  that  the  projection  is  made  on  a  board.  This  pro- 
jection must  ahow  the  fixed  object  r  (at  the  left  of  the  horizontal  line),  which,  with 
the  horizontal  line,  is  photographed  from  nature  in  all  the  photographs.  Heattaches, 
I  SDp|K«e,  to  the  board  a  eheet  of  carbon  paper,  and  over  it  a  sheet  of  drawing  paper, 
face  down.  The  projection  appears  on  the  back  of  the  latl«r,  and  he  marks  with  an 
af^ate  stylus  the  outlines  of  the  gymnast's  body,  the  horiionlal  line,  and  the  object  r. 
Thew  onttines  are  thus  drawn  correi:t]y  on  the  face  of  the  dnwing  paper.  That  is 
how  1  understand  his  description. — Tk.i.nslator.  (^("ii^dlc 
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ber  of  iint^a  of  the  athlete  we  might  show  all  the  successive  positions 
of  the  weight,  which  would  then  have  been  very  numei'ous.  The  series 
of  these  positions  would  have  given  the  law  of  the  motioD   impressed 

o 


on  the  projectile,  and  the  acceleretion  would  have  given  in  its  turn  the 
measure  of  the  forces  developed  by  the  gymnast  at  each  instant. 

We  can  even  push  the  analysis  of  muscular  action  so  f^r  as  to  give, 
in  the  successive  pictui-es  to  scale,  the  positions  of  the  skeleton  within 


the  subject,  with  the  phases  of  extension  and  contraction  of  the  prin- 
cipal muscles,  whoso  insertions  upon  the  skeleton  are,  of  course, 
known.     Fig.  42  contains  such  details. 
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This  last  application  of  chronophotc^raphy  is  sometimeii  somewhat 
lattorious.  It  is  only  mentioned  to  «bow  the  extreme  power  of  the 
method  and  the  multiplicity  of  its  applications. 

In  closing  it  may  be  added  that  since  the  exhibition  new  applications 
of  chronopbotography  have  been  made  at  the  physiol<^ical  station, 
which  promise  the  experimental  solution  of  certain  problems  hitherto 
looked  upon  as  insoluble. 


Since  the  communication  which  I  had  the  honor  to  make  to  the 
Academy  on  the  27th  of  May,  1900,  I  have  seen  that  my  apparatus 
needed  to  be  entirely  reconstructed  in  a  better  form,  but  the  reuources 
of  my  own  laboratory  did  not  permit  it. 

Our  corrcMpondent,  Mr.  Langley,  who  is  interested  in  thei^e  studies, 
obtained  from  the  Smithsonian  Institution,  whose  Secretary  he  is,  a 
subsidy  which  has  permitted  me  to  resume  my  experiments,  and  to 
present  to  the  Academy  these  new  results.  I  have  also  awaited  the 
result  of  the  remarkable  experiments  of  Professor  Hele-Shaw,  and  it 
has  seemed  to  me  desirable  to  bring  together  these  two  kinds  of 
research,  which  have  a  common  purpose,  that  of  tixing  by  means  of 
permanent  images  phenomena  which  escape  direct  observation. 

Besides  this,  since  my  last  communication  I  have  learned  of  the 
labors  of  Mr.  L.  Mach,  which  are  so  closely  related  to  my  own  that 
I  notice  them  in  giving  the  history  of  the  new  methods  which  seem 
destined  to  numerous  applications. 

It  was  on  the  11th  of  March,  1893,  that  I  had  the  honor  of  present- 
ing to  the  Academy  my  first  experiments,  made  by  means  of  chrono- 
pbotography, on  liquid  waves  or  movements  of  the  internal  molecules 
of  these  waves,  and  also  of  the  changes  of  speed  and  direction  in  cur- 
rents which  meet  bodies  of  diverse  forms.  After  Mr.  Mach's  com- 
munication of  his  experiments  on  the  behavior  of  a  current  of  air 
under  analogous  circumstances,  he  develoi>ed  this  research  in  a  later 
communication  on  the  use  of  an  inhaling  turbine,  passing  a  steady 
current  of  air  into  a  quadrangular  prismatic  tube,  whose  section  was 
18  l>y  24  cm.  The  face  of  this  tube,  turned  toward  the  observer,  was 
formed  of  transparent  glass;  the  opposite  face  was  blackened  to  form 
a  dark  chamljer,  and  an  arc  lamp  projected  its  light  into  the  interior 
of  the  tube. 

Mr.  Mach  placed  bodies  of  different  forms  and  made  of  transparent 
substances  in  the  air  current,  and  took  different  ways  to  render  the 
movements  of  the  air  in  the  vicinity  of  the  bodies  visible.  Sometimes 
be  projected  light  bits  of  paper  or  silk  in  the  air  current  sometimes 
fine  dust,  sometimes  smoke,  and  sometimes  he  hung  flexible  silk 
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threads,  whk-h  the  current  moved  along:  while  sometimes  he  explored 
the  direction  of  the  air  movements  by  mearnt  of  little  gas  flames,  which 
he  applied  at  different  points  of  the  bodies  that  were  in  Che  tube.  But 
the  method  which  gave  him  the  best  results  was  that  of  Schlieren, 
which  consists  of  rendering  visible  the  movementsof  very  small  streams 
of  air  by  changing  the  index  of  refraction,  which  is  done  by  sending  a 
current  of  hot  air  into  a  colder  current.  The  small  streams  or  threads, 
which  are  warmed,  then  show  either  dearer  or  durkcr  than  the  sur- 
rounding air,  and  the  magnesium  fladh  light  permits  ua  to  photograph 
tbe  phenomenon. 

Mr.  Mach's  experiments  have  given  results  quite  conformable  to 
those  which  I  obtained  in  the  movements  of  liquids  under  similar  cir- 
cumstances. So,  for  instance,  on  meeting  the  bodies  the  air  current 
divides  and  re-forms  behind  them  without  producing  many  whirlpools, 
and  when  tbe  plane  is  inclined  under  different  angles  and  solids  of 
different  forms  these  disturb  the  air  as  if  it  were  water.  Mr.  Mach 
measured  the  speed  of  his  air  cun-ente  by  means  of  an  anemometer, 
regulating  the  indications  of  the  instrument  by  an  acoustic  method 
devised  by  his  father,  Prof.  E.  Mach.  The  vibration  caused  by  a 
Koenig  flame  introduced  into  the  air  current  gives  the  appearance  of 
a  cluster  of  little  clouds,  which  move  on  while  keeping  their  respec- 
tive distance,  and  as  the  tatter  correspond  to  known  intervals  of  time 
they  enable  one  to  measure  the  speed  of  the  current. 

Mr.  Mach  noticed  a  lack  of  6xity  in  the  direction  of  air  currents, 
which  showed  continual  oscillations,  and  he  attributes  these  movements 
to  changes  in  the  aerodynamic  pressure. 

These  studies  were  not  known  to  me  when  I  presented  to  the  Acad- 
emy the  result  of  experiments  where  1  had  studied  the  action  of  differ- 
ent bodies  in  an  air  current  placed  in  conditions  identical  to  those 
which  I  had  studied  with  the  liquid  currents.  To  follow  the  move- 
ments of  the  air,  1  used  smoke  threads,  which,  drawn  along  with  the 
air  by  the  action  of  ventilators,  entered  with  it  and  at  the  same  speed 
into  the  glass  tube.  The  air  and  smoke  were  filtrated  through  fine- 
meshed  cloth  and  advanced  parallel  to  each  other  in  the  interior  of  the 
tube  as  long  as  the  current  met  no  obstacle. 

These  experiments,  like  those  of  Mr.  Mach,  have  shown  that  at  the 
rates  employed  air  and  liquids  behave  in  substantially  the  same  way. 

At  this  time  Mr.  Bertin,  an  engineer  of  the  Navy,  brought  me  into 
correspondence  with  Mr.  Hele-Shaw,  of  Liverpool,  who  had  been  pur- 
suing similar  experiments  in  closed  chambers  for  several  years.  The 
clear  images  given  by  photographing  colored  glycerin  threads  showed 
how  the  incompressibiiity  of  liquids  affect  eddies  in  an  inextensible 
space,  while  the  eddies  always  occur  in  different  degrees  l>phind  bodies 
immersod  in  an  air  current,  or  even  in  a  liquid  current  if  it  is  moving 
ta.noi«atube.  r,«.„,,G00glc 
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.In  the  construction  of  my  new  apparatus  the  section  of  the  air  tube 
was  increased  from  20  to  50  cm.  and  the  number  of  threads  of  nmoke 
from  20  to  58.  The  filtering  cloths  were  replaced  by  silk  gauzes  with 
a  very  small  mesh,  and  I  finally  introduced  into  the  experiment  a 
chronographic  system  which  allows  us  to  measure  the  speed  of  each 
smoke  thread  in  different  parts  of  its  course.  For  this  purpose  the 
system  of  little  tubes  which  bring  the  smoke  threads  which  are  about 
to  be  aspired  is  subject  to  a  lateral  .shake,  repeated  ten  times  every 
second.  An  electric  vibrator  regulates  this  movement  with  the  above- 
named  frequency,  and  under  this  influence  the  smoke  threads  do  not 
form  straight,  pamllel  lines,  but  sinusoidal  curves.  Those  inflections 
are  preserved  during  their  whole  path.  In  the  interior  of  the  tube  a 
small  scale  20  cm.  long,  in  the  same  plane  as  the  smoke  thread.s,  serves 
to  measure  the  space  traversed  by  the  molecules  of  air  in  each  tenth 
of  a  second. 

Some  examples  of  the  results  obtained  will  enable  us  to  appreciate 
the  progress  which  has  been  made  in  the  new  construction. 

When  there  is  no  obstacle  ofl'ered  to  the  air  current  the  smoke 
threads  remiain  rectilinear  and  pamllel.  If  we  place  an  inclined  plane 
in  the  current  the  smoke  threads  enlarge  in  meeting  it,  which  indicates 
that  they  lose  velocity  before  following  opposite  directions.  Some 
mount  toward  the  upper  edge  of  the  plane,  others  glide  upon  each 
other  without  mingling  and  escape  by  the  lower  edge.  On  each  side 
of  the  obstacle  the  smoke  threads  continue  their  motion  very  close 
together,  leaving  behind  the  inclined  plane  a  space  where  the  air  is 
motionless,  and  only  gives  a  smoky  cloud.  This  space  where  the  eddies 
or  whirlpools  occur  is  larger  in  proportion  as  the  obstacle  to  the  air 
current  is  larger. 

To  note  the  speed  of  the  air  current  in  different  parts  of  its  course 
we  repeat  the  experiment,  subjecting  the  .smoke  threads  to  the  above- 
mentioned  vibrations,  and  then  the  threads  instead  of  being  rectilinear 
present  a  series  of  lateral  inflections  which  are  pre-nerved  during  all 
their  course.  The.se  inflections  remain  equi  distant  if  the  speed  of  the 
current  is  everywhere  the  same,  but  if  the  current  speed  diminishes 
the  inflections  are  closer;  if  it  is  rapid,  they  are  more  distant  from 
each  other,  and  the  space  moved  over  in  a  given  time  is  measured  by 
means  of  the  metric  scale. 

The  figures  which  we  have  just  seen  are  observed  by  a  magnesium 
flash;  that  is  to  say,  in  so  short  a  time,  that  each  smoke  thread  seems 
immovable.  If  the  light  lasted  longer  the  aspect  of  the  figure  would 
change  and  give  the  further  condition  of  the  air  current  as  we  see  it 
in  fig.  4%  where  the  light  produced  by  the  prolonged  combustion  lasts 
about  seven  seconds. 

■Thii  tig.  4  torreeponds  to  fig.  29,  PI.  v,  of  the  foregoing  paper  on  (^hronophotog-  I  , 
raphy,  where  are  aleo  shown  other  figures  here  referred  to  by  Doctor  Marey.  s  ^ 
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We  can  not  enumerate  all  the  numerous  appHcatioDis  of  this  method, 
since  the  foi-m  and  dimensions  of  the  bt>dieii  in  the  air  current  and  the 
velocity  of  this  current  it«elf  can  be  varied  without  end. 

1  have  never  observed  the  "  jumps"  noted  by  Mr.  Maeh,  as  makiiifp 
the  current  deviate  from  one  aide  to  another.  These  "jumps"  might 
possibly  lie  due  to  the  unequal  temperature  of  the  moving  air.  It 
may  be  regarded,  I  think,  as  a  proof  of  the  precision  of  my  method 
that  if  an  expefiraent  is  repeated  under  the  same  conditions  the 
observed  images  are  identical  and  superposable  on  each  other, 

I  believe  I  may  add  that  this  method  will  give  the  me<-hanical  solu- 
tion of  many  problems  relating  to  propelling  apparatus,  fluids,  and 
questions  of  ventilation,  etc. 

[To  Mr.  Marey's  interesting  article  we  add  two  other  illustrations 
from  his  own  experiments,  since  received  from  him  by  the  Smithsonian 
Institution.  These  are  numbered  a  and  i,  a  being  a  form  producing 
very  little  eddy,  while  h  (a  form  not  noticeably  different)  produces  a 
very  great  one.  These  .seem  to  be  well  cwiculated  to  show  the  impor- 
tance and  the  delicacy  of  the  method,  j 
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THE  AIMS  OF  THE  NATIONAL  PHYSICAL  LABORATORY 
OF  GREAT  BRITAIN.' 


By  R.  T.  Oi-AZEBROOK,  F.  R.  S., 

DirttUyr  of  the  NalUmal  Physical  iMhoralorg.  * 


A  speaker  who  13  privileged  to  deliver  an  experimental  lecture  from 
this  place  is  usually  able  to  announu;  some  brilliant  discovery  of  hia 
own,  or  at  least  to  iilu^triite  his  words  by  some  striking  experiment 
To-night  it  is  not  in  my  power  to  do  this,  and  I  am  thereby  at  a  dis- 
advantage. Still,  I  value  highly  this  opportunity  which  has  been 
given  me  of  making  known  to  this  audience  the  aims  and  purpose  of 
the  National  Laboratoiy. 

The  idea  of  a  physical  laboratory  in  which  problems  bearing  at  once 
on  science  and  industry  might  be  solved  is  compamtively  new.  The 
Phyaikaiisch-teohnische  Reichsanstalt,  founded  in  Berlin  by  the  joint 
labors  of  Werner  von  Siemens  and  von  Helmholtz  during  the  years 
1883-1887,  was,  perhaps,  the  first.  It  is  less  than  ten  years  since  Dr. 
Lodge,  in  his  address  to  Section  A  of  the  British  association,  outlined 
the  scheme  of  work  for  such  an  institution  here  in  England. 

Nothing  came  of  this.  A  committee  met  and  discussed  plans,  but  it 
was  felt  to  Ih)  hopeless  to  approach  the  Government,  and  without 
Government  aid  there  were  no  funds.  Four  years  later,  however,  the 
late  Sir  Douglas  Galton  took  the  matter  up.  In  his  address  to  the 
British  association  in  1895,  and  again  in  a  paper  read  l>efoi-e  Section  A, 
he  called  attention  to  the  work  done  for  Germany  by  the  Reichsanstalt, 
and  to  the  crying  need  for  a  similar  institution  in  England.  The  result 
of  this  presidential  pronouncement  was  the  formation  of  a  committee 
which  reported  at  Liverpool,  giving  a  rough  outline  of  a  possible 
scheme  of  organization. 

'Keprintetl,  by  j)erminBion,  from  Popular  Science  Monthly,  Vol.  LX,  December, 
1901, 

'A  discourse  delivered  at  the  Royal  InKtitution.  See  also  article  by  Henry  8. 
Carhart  in  the  Smitheonian  Hf|«in  fur  1900  giving  a  cieKcription  of  the  PhysikaliBch- 
technische  Reiclmaimtalt  with  several  illiiatrationB  omitted  (rem  the  present  paper.— 
EDiwk.  i_  .OOqIc 
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A  petition  to  Lord  Salisbury  followed,  and  as  a  consequence  a 
ti'eaaury  oonmiittec,  with  Lord  Rayleigh  in  the  chair,  was  appointed  to 
consider  the  deMrability  of  estahlis^hing  a  national  nbysical  laboratory. 
The  committee  examined  over  thirty  witnesses,  and  then  reported 
unanimously,  "That  a  public  institution  should  be  founded  for  stand- 
ardizing and  verifying  instruments,  for  testing  materials,  and  for  the 
detci'mi nation  of  physical  constants."  It  is  natural  to  turn  to  the 
words  of  those  who  were  instrumental  in  securing  the  appointment  of 
this  committee  and  to  the  evidence  it  received  in  any  endeavor  to  dis- 
cuss ittf  aims.  As  was  fitting,  Sir  Douglas  Oalton  was  the  first  wit- 
ness to  be  called.  It  is  a  source  of  sorrow  to  his  many  friends  that 
he  has  not  lived  to  see  the  laboi-atory  completed. 

And  here  1  may  refer  to  another  serious  loss  which  in  the  last  few 
days  this  lat>oratory  has  sustained.  Sir  Courtenay  Boyle  was  a  meui- 
ber  of  Lord  Itayleigh's  committee,  and  as  such  was  convinced  of  the 
need  for  the  labomtory  and  of  the  importance  of  the  work  it  could  do. 
He  took  an  active  part  in  its  organi»:ation,  sparing  neither  time  nor 
trouble;  he  intended  that  it  should  lie  a  great  institution,  and  he  had 
the  will  and  the  power  to  help.  The  country  is  the  jXHirer  by  his 
sudden  death. 

Let  me  now  <(uote  some  of  Sir  Douglas  Gallon's  evidence: 

Formerly  ourprogi-ess  in  machinery  was  due  to  accuracy  of  measure- 
ment, and  that  was  a  class  of  work  which  could  be  done,  as  Whitwoi-th 
showed,  by  an  educated  eye  and  edut^^ted  touch.  But  as  we  advance 
in  the  applications  of  science  to  industry  we  requii'e  accuracy  to  be 
carried  into  matters  which  can  not  be  so  measured.  In  the  more 
delicate  researches  which  the  physical,  chemical,  and  electrical  student 
undertakes  he  requires  a  ready  means  of  access  to  standards  to  enable 
him  to  compare  his  own  work  with  that  of  other.s. 

Or  again: 

My  view  is  that  if  Great  Britain  is  to  claim  its  indu-strial  supremacy, 
we  must  have  accumte  standards  available  to  our  research  students 
and  to  our  manufacturers.  I  am  ceitain  that  if  you  had  them  our 
manufacturers  would  gradually  become  very  nmcb  more  qualified  for 
advancing  our  manufacturing  industry  than  they  are  now.  But  it  i^ 
also  certain  that  you  can  not  separate  some  research  from  a  standard- 
izing department 

Then  after  a  description  of  the  Reichsanstalt  be  continue.^: 

What  I  would  advocate  would  l>c  an  extension  of  Kew  in  the 
direction  of  the  second  division  of  the  Reichsanstalt,  with  such  auxil- 
iary research  in  the  establishment  of  itself  as  may  be  foimd  necessary. 

The  second  division  is  the  one  which  takes  charge  of  technical  and 
industrial  questions. 

I'rofessor  Lodge  again  gave  a  very  valuable  summary  of  work  which 
ought  to  be  done.     Put  briefly  it  was  this: 

1,  Pioneer  work. 

2,  Verification  work.  DigitizedbvOoOQlc 
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3.  Systematic  measuremenU  an<l  examinatioDs  of  the  propeilies  of 
substances  iiotler  all  conditions. 

4.  The  precise  determination  of  physical  constants. 

5.  Observational  work,  testing  instruments. 

6.  Coniitruetional  work  (gratings,  optical  glass). 

7.  Designing  new  and  more  perfect  instruments. 

Such  were  the  views  of  those  who  took  a  prominent  part  in  the 
founding  of  the  institution. 

It  is  now  realized,  at  any  rate  by  the  more  enlightened  of  our  leaders 
of  industry,  that  science  can  help  them.  This  fact,*  however,  has  been 
grasped  by  too  few  in  England;  our  rivals  in  Germany  and  America 
know  it  well,  and  the  6rst  aim  of  the  laboratory  is  to  bring  its  truth 
home  to  all,  to  assist  in  promoting  a  union  which  is  certainly  necessary 
if  England  is  to  retain  her  supremacy  in  trade  and  in  maimfacture,  to 
make  the  forces  of  science  available  for  the  nation,  to  break  down  by 
every  possible  means  the  barrier  between  theory  and  practice,  and 
to  point  out  plainly  the  plan  which  must  be  followed,  unless  we  are 
prepared  to  see  our  rivals  take  our  place. 

"'Germany,"  an  Ameri<'an  writer,'  who  has  recently  made  a  study  of 
the  subject,  has  said,  "  is  rapidly  moving  toward  industrial  supremacy 
in  Europe.  One  of  her  most  potent  factors  in  this  notable  advance  is 
the  perfected  alliance  between  science  and  commerce  existing  in  Ger- 
many. Science  has  come  to  be  regarded  there  as  a  commercial  factor. 
If  England  is  losing  her  supremacy  in  manufactures  and  in  commerce, 
as  many  claim,  it  is  because  of  English  conservatism  and  the  failure  to 
utilize  to  the  fullest  extent  the  lessons  taught  by  science,  while  Ger- 
many, once  the  country  of  di-eamers  and  theorists,  has  now  become 
intensely  piuctical.  Science  there  no  longer  seeks  court  and  cloister, 
but  is  in  open  alliance  with  commerce  and  industry."  it  is  our  aim  to 
promote  this  alliance  in  England,  and  for  this  purpose  her  National 
Pby.sical  Laboratory  has  been  founded. 

It  is  hardly  necessaiy  to  quote  chapter  and  verse  for  the  assertion 
that  the  close  connection  between  science  and  industry  has  had  a  pre- 
dominant elTect  on  German  trade.  If  authority  is  wanted,  1  would 
refer  to  the  history  of  the  anilin  dye  manufacture,  or  to  take  a  more 
recent  case,  to  the  artificial  tndigo  industry  in  which  the  success  of  the 
Badiche  Company  has  recently  been  so  marked.  The  factory  at  Lud- 
wigshaveo  started  thirty-five  years  ago  with  30  men.  It  now  employs 
over  6,000,  and  has  on  its  staff  148  trained  scientific  chemists.  And 
now  when  it  is  perhaps  too  late  the  Indian  planters  are  calling  in  sci- 
entific aid  and  the  Indian  government  is  giving  some  i^3,500  a  year  to 
investigation. 

As  Pi-ofessor  Armstrong,  in  a  recent  letter  to  the  Times,  says:  "The 
truly  serious  side  of  the  matter,  however,  is  not  the  prospective  loss 
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of  the  entire  indigo  industry  »o  much  tis  the  fact  that  an  achievement 
such  as  that  of  the  Badiche  Company  i^eeniM  past  praying  for  hei-e." 

Or,  to  take  another  instance,  scientific  visitors  to  the  Paris  Exhibi- 
tion last  year  must  have  been  struck  by  the  German  exhibit  of  appa- 
ratus. German  instrument  makers  combined  to  produce  a  joint 
exhibit;  a  strong  committee  was  formed.  Under  the  skillful  editor- 
ship of  Dr.  Lindeek,  of  the  Reiohsanstalt,  a  tMtalogue  was  compiled,  in 
which,  by  a  judicious  arrangement  of  cross  references,  it  was  easily 
possible  to  find  either  the  exhibit  of  a  particular  firm  or  the  apparatus 
of  a  particular  class.  This  was  printed  in  German,  English,  and 
French,  and  issued  freely  to  visitors.  Dr.  Di-osten,  the  representa- 
tive of  the  exhibitors  in  charge,  or  one  of  his  assistants,  was  ever  ready 
to  give  information  and  advice.     To  one  who  wished,  as  I  did,  to  -see 


the  most  modern  forms  of  German  apparatus,  the  exhibit  was  a  very 
real  help.     •     •     • 

And  now  having  stated  in  general  terms  the  aims  of  the  laboratory 
and  given  some  account  of  the  progress  in  general,  let  me  pass  to  some 
description  of  the  means  which  have  been  placed  at  our  disposal  to 
realize  those  aims.  I  hoi's  wish,  if  time  permits,  to  discuss  in  fuller 
detail  some  of  the  work  which,  it  is  hoped,  we  may  take  up  imme- 
diately. 

The  laboratory  is  to  be  at  Bushy  House,  Tcddington.  1  will  pass 
over  the  events  which  led  to  this  change  of  site  from  the  old  Deer  Park 
at  Richmond  to  Bushy.     It  is  sufficient  to  say  that  at  present  Kew 


BuSHv  House,  South  Front. 
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Observatory  in  tho.  Deer  Park  will  rciimin  lis  the  observatory  deimrt- 
ment  of  the  laboratory,  and  most  of  the  important  verification  and 
standardization  work,  whit-b  in  tbe  past  has  l»een  done  there,  will  still 
find  \U  home  in  the  old  building.  The  house  wan  originally  the  official 
residen(«  of  the  ranger  of  Bushy 
Park.  Queen  Annegmntod  it  in 
1710  to  the  first  Lord  Halifax. 
In  1771  it  passed  to  Lord  North, 
being  then  prolmbly  rebuilt. 
ITpon  the  death  of  Lord  North's 
widow,  in  1797,  the  Duke  of  Clar- 
ence, afterwanla  William  IV,  Ire- 
came  ranger.  After  his  death,  in 
1837,  it  wivs  granted  to  his  widow. 
Queen  Adelaide,  who  lived  here 
untill849.  Atherdeathitpassed 
to  the  Due  de  Nemours,  son  of 
King  Ijouis  Philippe,  and  he  re- 
sided hei-e  at  intervals  until  ISyf). 
In  spite  of  this  somewhat  aristo- 
cratic  history   it   will   make  an 

admirable  lalmratory.  The  build-  ^""''^  ""'"*-•<""""' i''""- 

ing  is  very  solid  and  substantial.  There  is  a  good  basement  under  the 
main  central  block,  with  roof  of  brick  groining,  which  makes  a  very 
steady  support  for  the  floor  at>ove. 

Such  is  the  home  of  the  laboratory.    It  may  be  of  interest  to  compare 
it  with  the  Keichsani^talt. 

The  floorspaoe  available  is 
much  less  than  that  of  the 
Reichsanstalt.  Butsizealone 
is  not  an  unmixeil  advantage; 
there  is  much  to  be  said  in 
favor  of  gradual  growth  and 
development,  provided  the 
conditions  are  such  as  to 
favoi  growth.  Personally  I 
would  prefer  to  begin  in  a 
small  way.  if  only  I  felt  sure 
I  wa.s  in  a  position  to  do  the 
work  thoroughly,  but  there 
isdangerof starvation.  Even 
with  all  the  help  we  get  in  freedom  from  i-ent  and  taxes,  outside  repairs 
and  maintenanc,  the  sum  at  the  disposal  of  the  committee  is  too  small. 
Fourteen  thousand  pounds  will  not  build  and  equip  the  laVioratory. 
Four  thousand  pounds  a  year  will  not  maintain  it  a-<  it  oughtfttt-Le^j|., 


Bushy  House,  buenii 
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maintained.  Contract  thiu  with  the  expenditure  on  the  Keichxanatalt* 
or  with  the  proposals  in  America  where  the  bill  for  the  establishment 
of  a  laboratory  has  jtwt  passed,  and  an  expenditure  of  £60,000  on 
building  and  site  and  £9,000  a  year  hax  been  authorized.     *    *     * 

Science  \»  not  yet  regarded  as  a  ix>niinercial  factor  in  England.     Is 
thei-e  no  one  who,  realiiiing  the  importance  of  the  alliance,  will  come 


^ 


Englnvcrliig  Luburuuicy,  ground  plan. 


forward  with  more  ample  funds  to  start  us  on  our  course  with  a  fair 
pi-ospect  of  8uc<!PHs !  One  real  friend  has  recently  told  us  in  print 
that  the  new  institution  is  on  such  a  microscopic  scale  that  its  utility 
in  the  present  struggle  is  more  than  doubtful.  Is  there  no  statesman 
who  can  grasp  the  po.sition  and  sec  that,  with,  eay,  double  the  income, 
the  chances  of  our  doing  a  gi-eat  work  would  be  increased  a  huodred- 

*  Capital  exfKndUriTe  im  the  ReichwinMail. 


Site,  the  gift  ot  Dr.  Siemens £25, 000 

Coet  of  buildings 34,275 

Fittings  and  furniture 2,700 

Machinery  and  instnimente 4, 100 

jC«6,075 


Buildinge 88, 000 

Fittings  and  furnitiiri^ 5, 400 

Machinery  and  instrunienW 23, 550 

136,550 

801,625 


litelarieB  and  w^ett £10, 300 

Maintenance  of  buildinge,  ajiparatUH,  i^t^ 6,360 

10,660 
See  deecription,  with  illuHtrations  of  the  Reii^hnaiiaUlt,  by  Henry  S.  Carhart,  printed 

in  the  SmithHonian  Kei¥>rt  for  1900,  pages  403-415.  i,     .iCidOolc 
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fold?  The  problems  we  have  to  solve  are  bard  enough;  give  us  means 
Jo  employ  the  best  men  and  we  will  answer  them;  starve  us  and  then 
f|uote  our  failure  as  showing  the  uselessnesa  of  science  applied  to 
industry.     There  is  some  justice  in  the  criticism  of  one  of  our  technical 


O' 


£iiKiiii,-«rlDK  lAboralory,  clcvaLLoiu  and  HecLiuiu. 

papers.     I  have  recently  lieen  adveitising  for  asisistant^,  and  a  paper 
in  whoso  columns  the  advertisement  appears  writes: 

"The  Ncale  of  pay  is  certainly  not  extravagant.     It  is,  however,  pos- 
sible that  the  duties  will  be  correspondingly  light." 

I  have  thus  summarized  in  a  brief  manner  the  aims  of  the  lalntra- 
tory  and  have  indicated  the 
effect  which  the  application 
of  science  to  industry  has 
had  on  one  branch  of  trade 
in  Germany.  And  now  let 
me  illustrate  these  aims  by 
a  more  detailed  account  of 
some  of  the  problems  of  in- 
dustry which  have  been 
solved  by  the  application  of 
science,  and  then  of  some 
others  which  remain  un- 
solved and  which  the  labora- 
tory hopes  to  attack.  The 
story  of  the  Jena  glass  works 
is  most  interesting;  we  will 
take  it  first. 

An  exhibition  of  scientific 


$> 


luult.  general  pUn. 


apparatus  took  place  in  London  in  1878.    Among  the  visitors  to  this  was 
Prof essor  Abb^,  of  Jena,  and  in  a  report  he  wrote  on  the  optical  apjiara- 
tus  he  called  attention  to  the  need  forprogre.ssln  the  art  of  glass  making  |^ 
if  the  miscroscope  were  to  advance  and  to  the  necessity  for  obtaining 
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glasses  b&ving  a  different  relation  between  dispersion  and  refractive 
index  than  that  found  in  the  material  at  the  disposal  of  opticians.  Stokes 
and  Harcourt  had  already  made  attempts  in  this  direction,  but  with  no 
marked  success.  In  1881  Abb€  and  Schott  at  Jena  started  their  work. 
Their  undertaking,  they  write  five  years  later  in  the  first  catali^ue  of 
their  factory,  arose  out  of  a  sitientific  investigation  into  the  connection 
between  the  optical  properties  of  solid  amorphous  tluxej^  and  their  chem- 
ical constitution.  When  they  l^egan  their  work  some  6  elements  only 
entered  into  the  compasition  of  glass.  By  18)^8  it  had  been  found  possible 
to  combine  with  these  in  quantities  up  to  about  10  per  cent  28  different 
elements,  and  the  effect  of  each  of  these  on  the  refractive  index  and 
dispersion  had  l>een  measured.  Thus,  for  example,  the  investigators 
found  that  by  the  addition  of  boron  the  ratio  of  the  length  of  the 
blue  end  of  the  spectrum  to  that  of  the  red  was  increased;  the  addition 
of  fluorine,  pota.ssium,  or  sodium  produced  the  opposite  result.  Now 
in  an  ordinary  achromatic  lens  of  crown  and  flint,  if  the  total  disper- 
sion for  the  two  lie  the  same,  then  for  the  flint  glass  the  dispersion  of 
the  blue  end  is  greater;  that  of  the  red  leas  than  for  the  crown;  thus 
the  image  in  not  white,  a  secondary  spectrum  is  the  result.  Abb^ 
fhowed.  as  Stokes  and  Harcourt  had  shown  earlier,  that  by  combining 
a  large  proportion  of  l>oron  with  the  flint  its  dispersion  was  made 
more  nearly  the  same  as  thai  of  the  crown,  while  by  replacing  the 
silicates  in  the  crown  glass  by  pbospates  a  still  better  result  waa 
obtained,  and  by  the  use  of  three  glasses  thi-ee  lines  of  the  spectrum 
could  be  combined.  The  spectrum  outstanding  was  a  tertiary  one  and 
much  less  marked  than  that  due  to  the  original  crown  and  flint  glass. 
The  modern  microscope  became  possible. 

The  conditions  to  be  satisfied  in  a  photographic  lens  differ  from 
those  required  for  a  microscope.  Von  Seidel  had  shown  that  with  the 
ordinary  flint  and  crown  glasses  the  conditions  for  achromatism  and 
for  flatness  of  tield  can  not  be  simultaneously  satisfied.  To  do  this  we 
Deed  a  glass  of  high  refractive  index  and  low  dispersive  power  or  vice 
versa;  in  ordinary  glasses  these  two  properties  rise  and  fall  together. 
Thus  crown  glasM  has  a  refractive  index  of  1.518  and  a  dispersive 
power  of  0.016(i.  while  for  flint  the  figures  are  1.717  and  0.0339.  By 
introducing  barium  into  the  crown  glass  a  change  is  produced  in  this 
respect.  For  barium  crown  the  refractive  index  is  greater  and  the 
dispersive  power  less  than  for  soft  ci-own.  With  two  such  glasses, 
then,  the  field  can  be  achromatic  and  flat.  The  wonderful  results 
obtained  by  Dallmeyer  and  Ross  in  this  country,  by  Zeiss  and  Stein- 
heil  in  Germany,  are  due  to  the  use  of  new  glasses.  They  have  also 
been  applied  with  marked  success  to  the  manufacture  of  the  object 
glasses  of  large  telescopes. 

But  the  .lena  glasses  have  other  uses  l>esides  optical.  "About 
twenty  years  ago  "—the  quotation  is  from  the  catalt^ue  of  the  (jerman 
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exhibition — "the  manufacture  of  thermometers  had  come  to  a  dead 
stop  in  Germany,  thermometers  being  then  invested  with  a  defect, 
their  liability  to  periodic  changes,  which  seriously  endangered  German 
manufacture.  Comprehensive  investigations  were  then  carried  out 
by  the  Normal  AichungH  commission,  the  Reichsanstalt,  and  the  Jena 
glass  works,  and  much  labor  h:  ought  the  desired  reward."  The  defect 
referred  to  was  the  temporarj'  depression  of  the  ice  point  which  takes 
place  in  all  thermometers  after  heating.  Let  the  ice  point  of  a  ther- 
mometer be  observed;  then  raise  the  thermometer  to  say  100"-'  and 
again  observe  the  ice  point  as  soon  as  ]K>Ksible  afterwards;  it  will  be 
depressed  below  ita  previous  position;  in  Home  instruments  of  Thu- 
ringian  glass  a  depression  of  as  much  as  U.ti.^^  0.  had  Wen  noted.  For 
scientiiic  purposes  such  an  instrument  is  quit^  untrustworthy.  If  it 
be  kept  at  say  15'-'  and  then  immei'sed  in  a  bath  at  30°  it  will  be  appre- 
ciably different  from  tha^  which  would  be  given  if  it  were  first  raised 
to  say  50^,  allowed  to  cool  quickly  just  below  30'^,  and  then  put  into 
the  bath.  This  was  the  defect  which  the  investigators  set  themselves 
to  cure. 


Dfprengknx  nf  fretang  point  for 
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Weber  had  found  in  1883  that  glawses  which  contain  a  mixture  of 
doda  and  potash  give  a  very  large  depression.  He  made  in  18H3  a 
glass  free  from  soda  with  a  depression  of  0.1^.  The  work  was  then 
taken  up  by  the  Aichungs  commission,  the  Keichsanstalt,  and  the 
Jena  factory.  Weber's  resultn  were  confirmed.  An  old  thermometer 
of  Humboldt's  containing  0.86  per  cent  of  soda  and  ^  per  cent  of  potash 
had  a  depression  of  0,06*^,  while  a  new  instrument,  in  which  the  per- 
centages were  12.7  per  cent  and  10.6  per  cent,  respectively,  had  a 
depression  of  0.65^^.  An  English  standard,  with  1.5  per  cent  of  soda, 
12.3  per  cent  of  potash,  gave  a  depression  of  0.15^,  while  a  French 
"Ver  Deer"  instrument  in  which  these  proportions  were  reversed  gave 
only  0.8<^.  It  remained  to  manufacture  a  glass  which  should  have  a 
low  depression  and  at  the  same  time  other  satisfactory  properties.  The 
now  well-known  glass  16"'  is  the  result.     Its  composition  is  shown  ifulu 
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the  table.  The  fact  that  there  was  an  appreciable  difference  betweeD 
the  scale  of  the  IR"'  glairs  and  that  of  the  air  thermometer  ted  to 
further  investigation,  and  another  jflaa^,  a  borosilicate,  containing  13 
per  cent  of  boron,  was  the  consequence.  This  glass  has  a  still  smaller 
depression.  As  a  result  of  this  work  Germany  can  now  claim  thiit 
"the  manufacture  of  thermometers  has  reached  in  Germany  anunprw- 
edented  level  and  now  governs  the  markets  of  the  world." 

Previous  to  1SS8  Germany  imported  optical  glass;  at  that  date 
nearly  all  the  glass  required  was  of  home  manufacture.  Very  shortly 
afterwards  an  export  trade  in  raw  glass  began,  which  in  1898  was 
worth  £30,000  per  annum,  while  the  value  of  optical  instruments,  such 
as  telescopes,  field  glasses,  and  the  like,  exported  that  year  was  over 
£250,000.  Such  are  the  results  of  the  application  of  science — i.  e., 
organized  common  sense — to  a  great  industry.  The  National  Physical 
Laboratory  aims  at  doing  the  like  for  En^rland. 

The  question  of  standardization  of  patterns  and  designs  is  probably 
too  large  a  one  to  go  into  on  the  present  occasion.  Some  months  ago  a 
most  interesting  discussion  of  the  subject  took  place  at  the  Institution 
of  Electrical  Engineers.  To  my  mind  there  is  no  doubt  that  the 
judicious  adoption  of  standard  types  combined  with  readiness  to  scrap 
old  patterns,  so  soon  as  a  real  advance  or  improvement  is  made,  is 
necessary  for  progress.  One  who  has  been  over  some  good  GennaD 
workshop  or  has  contrasted  a  first-class  English  shop  where  this  is  the 
practice  with  an  old-fashioned  establishment  where  standardization  is 
hardly  known,  can  have  no  hesitation  on  this  question.  It  has  its  dii- 
advantages,  less  is  left  to  the  originality  of  the  workman  and  in  «""- 
sequence  they  lose  the  power  of  adaptation  to  new  circumstances  and 
conditions.  The  English  mechanic  is.  I  believe,  greatly  superior  to  the 
German,  but  the  siuentific  organization  of  the  German  shops  enables 
tbem  to  compete  successfully  with  the  English. 

In  IbSl  the  German  Association  of  Mechanics  and  Opticians  was 
formed,  having  for  its  aim  the  scientific,  technical,  and  commercial 
development  of  instrument  making.  The  soi'iety  has  it*i  official  organ, 
the  Zeitwhrift  fQr  Instrumentenkunde,  edited  by  one  of  the  staff  of 
the  Keichsanstalt.  Specialized  stthools  for  the  training  of  young 
mechanics  in  the  scientific  side  of  their  calling  have  been  formed  and 
now  the  majority  of  the  leading  firms  retain  in  their  permanent  service 
one  or  more  trained  mathematicians  or  physicists.  In  this  way,  t^iDi 
the  importance  of  science  to  industry  is  recognized.  I  have  thus  noted 
very  briefly  some  of  the  ways  in  which  science  has  become  identified 
with  trade  in  Germany,  and  have  indicated  some  of  the  investigations 
by  which  the  staff  of  the  K€i<;hRanstalt  and  others  have  advanced  nianii- 
factnres  and  commerce. 

Let  us  turn  now  to  the  other  side,  to  some  of  the  problems  which 
remain  unsolved,  to  the  work  which  our  laboratory(1d,tf>^v|^<^  **? 
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Flo.  2.— Section  of  bad  Rail 


Fio.  3.— Section  of  oooo      Fia.  4— Section  op  bad       Fiq.  5.— Section  of  Rail 
Rail  Rail,    showing    Suh-  after  rolling. 
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doing  wnich  it  will  realize  the  aimt  of  itH  foundertt.  The  microscopic 
examination  of  metals  wae  begun  by  Sorby  in  1864.  Since  that  dat« 
many  distinguished  experimenters,  Andrews,  Arnold,  Ewing,  Mai-teni4, 
Ottmond,  Roberto-Austen,  Stead,  and  others  have  added  much  to  our  . 
knowledge.  1  am  indebted  to  Sir  W.  Roberts- Austen  for  the  ulides 
which  I  am  about  to  show  you  to  illustrate  some  of  the  points  arrived  at. 
Professor  Ewing,  a  year  ago,  laid  before  the  Royal  Institution  the  results 
of  the  experiment  of  Mr.  Rosenbain  and  himself.  This  microscopic 
work  has  revealed  to  us  the  f:ict  that  st«el  must  be  regarded  tut  a  crys- 
tallized igneous  rock.  Moreover,  it  is  capable  at  temperatures  far 
below  its  melting  point  of  altering  its  structure  completely,  and  its 
mechanical  and  magnetic  properties  are  intimately  related  to  its 
structui^.  The  chemical  constitution  of  the  steel  may  be  unaltered,  the 
amounts  of  carbon,  silicon,  manganese,  etc.,  in  the  different  forms 
remain  the  same,  but  the  structure  changes,  and  with  it  the  properties 
of  the  steel.  Figure  1  on  Plate  II  represents  sections  of  the  same 
steel  polished  and  etched  after  various  treatment.  * 

The  steel  is  a  highly  carbonized  form,  containing  1.5  per  cent  of 
carbon.  If  it  be  cooled  down  from  the  liquid  state,  the  temperature 
being  read  by  the  deflexion  of  a  galvanometer  needle  in  circuit  with  a 
thermopile,  the  galvanometer  shows  a  slowlj'  falling  temperature  till 
we  reach  1,380°  0. ,  when  solidification  takes  place.  The  changes  which 
now  go  on  take  place  in  solid  metai.  After  a  time  the  temperature 
again  falls  until  we  reach  680^,  when  there  is  an  evolution  of  heat;  bad 
the  steel  been  free  from  carbon  there  would  have  been  evolution  of 
heat  at  895°  and  again  at  766°.  Now  throughout  the  cooling  molecular 
changes  are  going  on  in  the  steel.  By  quenching  the  atecl  suddenly  at 
any  given  temperature  we  can  check  the  change  and  examine  micro- 
scopically the  structure  of  the  steel  at  the  temperature  at  which  it  was 
checked. 

In  the  figure  (Plate  II),  with  the  exception  of  specimen  No.  6,  the 
metal  has  not  been  heated  above  1,050'^,  over  30(1^  l>elow  its  melting 
point. 


1.  Biueed  to  1000°.     Worked  and  ciioled  alow  1y.     MasHifi  of  carbide  ground  work, 

bands  of  iron  and  carbide,  pearlite  Htnicture. 

2.  Raified  to  850°  and  quickly  cooled.     MaHses  disappear. 

3.  Raieed  to  850°  and  quenched  in  water.     Arcicular  atruuture.    Martensite,  hard 

4.  Raised  to  1,050°  and  quenched  in  iced  brine.    Martenaitu  and  Austenite. 
6.  Same  cooled  in  liquid  air  to  — 243°.     Much  like  iikartensite. 

6.  Heated  to  near  melting  point,  quenched  suddenly  burnt  steel. 

7.  Heated  to  650° — annealed  for  a  long  time  at  this  temperature  and  slowly  cooled, 

bands  of  tarbide  and  i)earlite. 

8.  Any  specimen  except  H  heated  to  850°,  worked  and  slowly  cooled,  givii^  us  the 

structure  1.  _^ 

Very  marke<l  changi's  might  have  l)een  produced  in  3  by  annealing  at  140't.  j(^11)q|c 
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At  tempera  I  ui'ed  between  nbout  900^  and  1,100°  the  carbon  exists  in 
the  form  of  carbide  of  iron  dissolved  in  the  iron,  at  a  temperature  of 
890'-'  the  iron  which  can  exi>«t  in  different  forms  as  an  allotropic  nub- 
stance  passes  from  the  ;'  form  to  the  /?  form,  and  in  this  form  can 
not  dissolve  more  than  0.9  per  cent  of  carbon  as  carbide.  Thus  at  this 
temperature  a  large  proportion  of  the  carbon  passe-s  out  of  the  solu- 
tion.    At  680^^  the  remainder  of  the  carbide  falls  out  of  the  solution  as 


Thus  the  following  temperatures  must  be  noted:  1,380^,  meltiog 
point;  1,0.W^.  highest  point  reached  by  specimen;  890°,  0.6  per  cent 
of  carbon  deposited;  680^,  rest  of  carbide  deposited. 

To  turn  now  to  the  details  of  the  photo,  the  center  piece  is  the 
cemented  steel  as  it  comes  from  the  furnace  after  the  usual  treatment 

These  slides  are  sufficient  to  call  attention  to  the  changes  which 
oc(5ur  in  .solid  iron,  changes  whose  importance  is  now  beginning  to  be 
realized.  On  viewing  them  it  is  a  natural  question  to  ask  how  all  the 
other  properties  of  iron  are  related  to  its  structure:  can  we  by  special 
treatment  produce  a  steel  more  suited  to  the  shipbuilder,  the  railway 
engineer,  or  the  dynamo  maker  than  any  he  now  possesses) 

These  marked  effects  are  connected  with  variations  in  the  condition 
of  the  carbon  in  the  iron;  can  equally  or  possibly  more  marked 
changes  be  produced  by  the  introduction  of  some  other  elements? 
Guillaume's  nickel  steel  with  its  small  coefficient  of  expansion  appears 
to  have  a  future  for  many  purposes;  can  it  by  some  moditication  be 
made  still  more  useful  to  the  engineer? 

We  owe  much  to  the  work  of  the  alloys  research  committee  of  the 
Institution  of  Mechanit'al  Engineers.  Their  distinguished  chairman 
takes  the  view  that  the  work  of  that  committee  has  only  begun  and 
that  there  is  si.-ope  for  research  for  a  long  time  to  come  at  the  National 
Physical  Lal)oratory,  and  the  executive  committee  have  acccpte''  this 
view  by  naming  as  one  of  the  tirst  subjects  to  be  investigated  the  con- 
nection between  the  magnetic  tjuality  and  the  physical,  chemiiatj  and 
electrical  properties  of  iron  and  its  alloys  with  a  view  specially  to 
the  determination  of  the  conditions  for  low  hysteresis  and  nonaging 
properties. 

At  any  rate  we  may  trust  that  the  condition  of  affairs  mentioned  by 
Mr.  Hadlield  in  his  evidenc'C  before  Lord  Rayleigh's  commission, 
which  led  a  user  of  English  .>*teel  to  specify  that  before  the  steel  could 
be  accepted  it  nmst  l>e  stamped  at  the  Reichsanstalt,  will  no  longer 
exist. 

The  subject  of  wind  pressure  again  is  one  which  has  occupied  the 
committee's  attention  to  some  extent. 

The  Board  <if  Trade  rules  renuire  for  bridges  and  similar  stmctures 
(1)  that  a  nm.^inuim  pressui'c  of  56  pounds  per  square  foot  be  pro- 
vided for,  {'2)  that  the  effective  surface  on  which  the  WHid  »Ct«  i^hould 
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be  assumed  us  f roiri  once  to  twice  the  area  of  the  front  surface  accoitl- 
ing  to  the  extent  of  the  openings  in  the  lattice  girders,  (3)  that  a 
factor  of  Hafety  of  4  for  the  ii-on  work  and  of  2  for  the  whole  bridge 
overturning  be  assumed.  These  recommendations  were  not  bassed  on 
any  special  experiments.  The  question  had  been  investigated  in  part 
by  the  late  Sir  Wm.  Siemens. 

During  the  construction  of  the  Foith    Bridge  Sir  R  Kakcr  con- 
ducted a  series  of  obseiTations, 


RevolvlnefBuige. 

Small  fi»(MigBU)(c. 

EaMerly. 

WeMerly.    1 

7io.  ?;« 

ftlolO        J.W 

IbUtW      17.06 
■XUilt      121.0 
IStoM      27.0 
ano&l      8Z.i 

■tJOYe  82.B). 

3.17 

l.R 

Bias 

"»lJ 


The  results  of  the  first  two  years'  observations  are  shown  in  Table 
II,  taken  from  a  paper  read  at  the  British  Association  in  1884.  Three 
gauges  were  used.  In  No,  1  the  surface  on  which  the  wind  acted  was 
about  li  square  feet  in  area;  it  was  swiveied  so  as  always  to  beat 
right  angles  to  the  wind.  In  No,  2  the  area  of  surface  acted  on  was  of 
the  same  size,  but  was  fixed  with  its  plane  north  and  south.  No.  3  was 
also  fixed  in  the  same  direction,  but  it  bad  200  times  the  area,  its  sur- 
face being  300  square  feet. 

In  preparing  the  table  the  mean  of  all  the  readings  of  the  revolving 
gauge  between  0  and  5,  5  and  10,  etc.,  pounds  per  square  foot  have 
been  taken  and  the  mean  of  the  corresponding  readings  of  the  small 
fixed  gauge  and  the  large  fixed  gauge  set  opposite,  these  being  arranged 
for  easterly  and  westerly  winds. 

Two  points  are  to  be  noticed:  (1)  There  is  only  one  reading  of  over 
32.5  pounds  registered,  and  this  it  is  practically  certain  is  due  to  faulty 
action  in  the  gauge.  Sir  B,  Baker  has  kindly  shown  me  some  further 
records  with  a  small  gauge. 

According  to  these,  pressures  of  over  50  pounds  have  been  registered 
on  three  occasions  since  1886.  On  two  other  occasions  the  pressures 
as  registered  reached  from  40  to  50  pounds  per  square  foot.  But  the 
table,  it  will  be  seen,  enables  us  to  compare  the  pressure  on  a  small 
area  with  the  average  pressure  on  a  large  area,  and  it  is  clear  that 
in  all  cases  the  pressure  per  square  foot  as  given  by  the  large  area  is 
much  less  than  that  deduced  from  the  simultaneous  observations  oa 
the  small  area.  ^-^  i 
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The  large  [jauge  became  unsafe  in  1896  and  was  removed,  but  the 
ol>scrvations  for  the  previous  ten  years  entirely  confirm  this  result,  the 
importance  of  which  is  obvious.  The  same  result  may  be  deduced 
from  the  Tower  Bridge  observations.  Power  is  required  to  raise  the 
great  bascules,  and  the  power  needed  depends  on  the  direction  of  the 
wind.  From  observations  on  the  power  some  estimate  of  the  averse 
wind  pressure  on  the  surface  may  be  obtained,  and  this  is  found  to  be 
less  than  the  pressure  registered  by  the  small  wind  gauges. 

Nor  is  the  result  surprising  when  the  matter  is  looked  at  as  an  hydro- 
dynamical  problem — the  wind  blows  in  gusU — the  lines  of  flow  near  a 
small  obstacle  will  differ  from  those  near  a  large  one;  the  distribution 
of  pressure  over  the  large  area  will  not  be  uniform.  Sir  W.  Siemens 
is  said  to  have  found  places  of  negative  pressure  near  such  an  obstacle- 
As  Sir  J.  Wolfe  Barry  has  pointed  out.  if  the  average  of  56  pounds  to 
the  square  foot  is  excessive,  then  the  cost  and  difficulty  of  erection  of 
large  engineering  works  is  being  unnecessarily  increased.  Here  is  a 
problem  well  worthy  of  attention  and  about  which  but  little  is  known. 
The  same,  too,  may  He  said  about  the  second  of  the  Board  of  Trade 
rules.  What  is  the  effective  surface  over  which  the  pressure  is  exerted 
on  a  bridge!  On  this  again  our  information  is  but  scanty.  Sir  B. 
Baker's  experiments  for  the  Forth  Bridge  led  him  to  adopt  as  his  rule 
double  the  plane  surface  exposed  to  the  wind  and  deduct  50  per  cent 
in  the  cose  of  tubes.  On  this  point,  again,  fuilher  experiments  are 
needed. 

To  turn  from  engineering  to  physics.  In  metrology  as  in  many 
other  branches  of  science  difficulties  connected  with  the  measurement 
of  temperature  are  of  the  fii-st  importance. 

I  was  asked  some  little  time  since  to  state  to  a  very  high  order  of 
exactness  the  relation  between  the  yard  and  the  meter.  1  could  not 
give  the  number  of  figures  required.  The  meter  is  defined  at  the 
freezing  point  of  water,  the  yard  at  a  temperature  of  62-'  F.  When  a 
yard  and  a  meter  scale  aie  compared  they  are  usually  at  about  the  same 
tempcmture;  the  difficulty  of  the  comparison  is  enormously  increased 
if  there  be  a  teinpei-ature  difference  of  30-*  F.  between  the  two  scales. 
Hence  we  require  to  know  the  temperature  coefficients  of  the  two 
standards.  But  that  of  the  standard  yard  is  not  known;  it  is  doubtful, 
1  l)elieve,  if  the  composition  of  the  alloy  of  which  it  is  made  is  known, 
aind  in  consequence  Mr.  Chaney  has  mentioned  the  determination  of 
coefficients  of  expansion  as  one  of  the  investigations  which  it  is  desir- 
able that  the  Lalwi-atory  should  undertake. 

Or,  again,  take  thermometry.  The  standard  scale  of  temperature  is 
that  of  the  hydrogen  thermometer;  the  scale  in  pi-actical  use  in 
England  is  the  mercury  in  flint-glass  scale  of  the  Kew  standard  ther- 
mometers. It  is  obvious  that  it  is  of  importance  to  science  that  the 
difference  between  the  scales  should  be  known,  and  various  attempts 
have  been  made  to  compare  them.  -  'OtKijIC 
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But  the  resiilts  of  no  two  series  of  observations  which  have  been 
made  agree  satisfactorily.  The  variations  arise  probably  in  great 
measure  from  the  fact  that  the  English  glass  thermometer  as  ordina- 
rily made  and  used  is  incapable  of  the  accuracy  now  demanded  for 
scientific  investigation.  The  temporary  depression  of  the  freezing 
point  already  alluded  to  in  discussing  the  Jena  glass  is  too  large;  it 
may  amount  to  three  to  four  tenths  of  a  degree  when  the  thermometer 
is  raised  100-,  Thus  the  results  of  any  given  comjiarison  dci^sud  too 
much  on  the  immediate  past  history  of  the  thermometer  employed, 
and  it  is  almost  hopeless  to  construct  a  table  accurate,  say,  to  0.01, 
which  will  give  the  difference  between  the  Kew  standard  and  the 
hydr<^en  scale,  and  so  enable  the  results  of  former  works  in  which 
English  thermometers  were  used  to  be  expressed  in  standard  degrees. 

Valufi  of  corrfclion*  to  (he  EngliA  gtoM-Uiermomrler  ncnle  to  gxie  teinjieniitirrf  oh  tlie  gae- 
Oiermomeler  tcole  found  hy  rariwis  obtenert. 


90  -  .01  +  .017 

100  0  0 

This  is  illustrated  by  giving  the  differences  as  found  (1)  by  Rowland, 
(2)  by  Guillaume,  (3)  by  Wielje,  between  a  Kew  thermometer  and  the 
air  thermometer.  It  is  clearly  important  to  establish  in  England  a 
mercury  scale  of  temperatures  which  shall  l)e  comparable  with  the 
hydrogen  scale,  and  it  is  desirable  to  determine,  as  nearly  as  may  be, 
the  relation  between  this  and  the  existing  Kew  scale. 

I  am  glad  to  say  that  in  this  endeavor  wc  have  secured  the  valuable 
cooperation  of  Mr.  Powell,  of  the  Whitefriai's  works,  and  that  the 
tii'st  specimens  of  glass  he  has  submitted  to  us  bid  fair  to  com]>are 
well  with  the  10"'.  Another  brunch  of  thennometry  at  which  there 
i.s  much  to  do  is  the  measurement  of  high  temperature.  Professor 
Callendar  has  explained  here  the  principles  of  the  resistance  ther- 
mometer, due  first  to  Sir  W.  Siemens.  Sir  W,  C.  Rolwrts-Austen 
has  shown  how  the  thermopile  of  Le  Chatellier  may  be  used  for  the 
measurement  of  high  temperatures.  There  is  a  great  work  left  for 
the  man  who  can  introduce  these  or  similar  instruments  to  the  manu- 
factory and  the  forge,  or  who  can  improve  them  in  such  a  manner  as 
to  render  their  uses  more  simple  and  more  sure;  besides,  at  tempera- 1 
tures  much  over  1,000^  0.  the   glaze  on  the  porcelain  tube  of  th6 
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pyrometer  ^ives  wny,  the  furnace  gases  get  into  the  wire  and  are 
absorbed,  and  the  indications  become  untrustworthy.  We  hope  it  may 
be  possible  to  utilize  the  silica  tubci^,  shown  here  by  Mr.  Shenstone  a 
short  time  since,  in  a  manner  ivhicb  will  help  us  to  overcome  some  of 
these  difficulties.  Here  is  another  subject  of  investigation  for  which 
there  is  ample  scope. 

So  far  we  have  discussed  new  work,  but  there  is  much  to  be  done  in 
extending  a  class  of  work  which  has  gone  on  quietly  and  without  much 
show  for  many  years  at  the  Kew  Observatory, 

Thermometers  and  barometei's,  wind  gauges  and  other  meteorolog- 
ical apparatus,  watches  and  chronometers,  and  many  other  instru- 
ments are  tested  there  in  great  numbers,  and  the  value  of  the  work  is 
undoubted.  The  competition  among  the  best  makers  for  the  first 
place,  the  best  watch  of  the  year,  is  most  striking,  and  affords  ample 
testimony  to  the  importance  of  the  work.  Work  of  this  clasa  we  pro- 
pose to  extend. 

Thus,  there  is  no  place  where  pressure  gauges  or  steam  indicators 
can  be  tested.  It  is  intended  to  take  up  this  work,  and  for  this  purpose 
a  mercury -pressure  column  is  being  erected.  Bushy  House,  from  base- 
ment to  caves,  is  about  55  feet  in  height.  We  hope  to  have  a  column  of 
about  50  feet  in  height,  giving  a  pressure  of  about  20  atmospheres;  it 
is  too  little,  but  it  is  all  we  can  do  with  our  present  building.  The 
necessai'y  pumps  are  being  fitted  to  give  the  pressure,  and  we  shall 
have  a  lift  set  up  along  the  column  so  that  the  observer  can  easil}'  read 
the  height  of  the  mercury. 

This  column  will  serve  to  graduate  our  standai'd  gauges  up  to  30 
atmospheres;  altove  that  we  nlay  for  the  present  have  recourse  to  some 
multiplying  device.  A  very  beautiful  one  is  used  at  the  Reichsanstalt 
and  by  Messrs  Schaffer  and  Budenberg,  but  we  are  told  we  must 
improve  on  this. 

Again,  there  are  the  ordinary  gauges  in  use  in  nearly  every  engi- 
neeiing  shop.  These  in  the  first  instance  have  probably  come  from 
Whitworth's,  or  nowadays,  1  fear,  from  Messrs.  Pratt  &  Whitney  or 
Brown  &  Sharp,  of  America.  They  were  prol«ibly  very  accurate  when 
new,  but  they  wear,  and  it  is  only  in  comparatively  few  large  shops 
that  means  e.\ist  for  measuring  the  error  and  for  determining  whether 
the  gauge  ought  to  be  rejected  or  not. 

Hence  arise  difficulties  of  all  kinds.  Standardization  of  work  is 
impossible.  The  new  screw  sent  out  to  South  Africa  to  replace  one 
damaged  in  the  war  will  not  fit,  and  the  gun  i^  useless.  A  long  range 
of  steam  piping  is  wanted;  the  best  angle  pieces  and  unions  are  made 
by  a  firm  whose  st^rcwing  tackle  disci's  slightly  from  that  of  the  fac- 
tory where  the  pipes  were  ordered.  Delays  and  difficulties  of  all  kinds, 
occur  which  ready  means  for  standardization  would  have  avoided. 
Here  is  scope  for  work  if  only  manufacturers  will  utilize  the  oppor- 
tunities we  hope  to  give  them. 
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In  another  direction  a.  wide  field  is  otfercd  in  the  calibration  and 
standardization  of  glass  measuring  vessels  of  all  kinds — flaska,  burettes, 
pipettes,  etc. — used  by  chemists  and  others.  At  the  request  of  the 
board  of  agriculture  we  have  already  arranged  for  the  standardization 
of  the  gla.ss  vessels  used  in  the  Babcock  method  of  measuring  the  butter 
fat  in  milk,  and  in  a  few  months  many  of  these  have  passed  through  our 
hands.  We  are  now  being  asked  to  arrange  for  testing  the  apparatus 
for  the  Gerber  &  Leffman-Beam  methods,  and  this  we  have  promised  to 
do  when  we  ai'e  settled  at  Bushy.  Telescopes,  opera  glasses,  sextants, 
and  other  optical  appliances  are  already  tested  at  Kew,  but  this  work 
can  and  will  be  extended.  Photographic  lenses  are  now  examined  by 
eye;  a  photographic  test  will  be  added,  and  I  trust  the  whole  may  be 
made  more  useful  to  photographers, 

I  look  to  the  cooperation  of  the  Optical  Society  to  advise  how  we 
may  be  of  service  to  them  in  testing  spectacles,  microscope  lenses,  and 
the  like. 

The  magnetic  testing  of  specimens  of  iron  and  steel  again  offers  a 
fertile  field  for  inquiry. 

If  more  subjects  are  needed  it  is  sufficient  to  turn  over  the  pages  of 
the  evidence  g^ven  before  Lord  Rayleigh's  commission  or  to  look  to 
the  reports  which  have  been  prepared  by  various  bodies  of  experts 
for  the  executive  committee. 

In  electrical  matters  there  are  questions  relating  to  the  fundamental 
units  on  which,  in  Mr.  Ti-otter's  opinion,  wc  may  help  the  officials  of  the 
board  of  trade — standards  of  capacity  are  wanted;  those  belonging  to 
the  British  Association  will  be  deposited  at  the  laboratory;  standards 
of  electromagnetic  induction  arc  desirable;  questions  continually  arise 
with  regard  to  new  forms  of  cells  other  than  the  standaixl  Clark  cell, 
and  in  a  host  of  other  ways  work  could  be  found.  Tests  on  insulation 
resistance  were  mentioned  by  Professor  Ayrton,  who  gave  the  result 
of  bis  own  experience.  He  had  asked  for  wire  having  a  certain  stand- 
ard of  insulation  resistance.  One  s]X'cimGn  was  eight  times  as  good  as 
the  specification;  another  had  onl}'  one  one -hundred -thousandth  of  the 
required  insulation;  a  third  had  about  one  three-hundredth. 

Mr.  Appleyard  again  gave  some  interesting  examples,  the  examina- 
tion of  alloys  for  use  for  resistimce  measurements  and  other  purposes, 
the  testing  of  various  insulating  materials,  and  the  like. 

I  have  gone  almost  too  much  into  detail.  It  has  been  my  wish  to 
state  in  general  terms  the  aims  of  the  laboratory,  to  make  the  advance 
of  physical  si-icnce  more  readily  available  for  the  needs  of  the  nation, 
and  then  to  illustiatc  the  way  in  which  it  is  intended  to  attain  those 
aims.  I  trust  I  may  have  shown  that  the  National  Physical  Laboratory 
is  an  institution  which  may  deservedly  claim  the  cordial  support  of  all 
who  are  interested  in  real  progi'css.  ^ 
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EMIGRANT  DIAMONDS  IN  AMERICA." 


By  Prof.  William  Herbert  Hobbs. 


To  discover  the  origin  of  the  diamoad  in  nature  we  must  seek  it  in 
its  ancestral  home,  where  the  rocky  matrix  gave  it  birth  in  the  form 
characteristic  of  its  species.  In  prosecuting  our  search  we  should  very 
soon  discover  that,  in  common  with  other  gem  minerals,  the  diamond 
has  been  a  great  wanderer,  for  it  is  usually  found  far  from  its  original 
home.  The  disintegrating  forces  of  the  atmosphere,  by  acting  upon  the 
rocky  material  in  which  the  stones  were  imbedded,  have  loosed  them  from 
their  natural  setting,  to  be  caught  up  by  the  streams,  sorted  from  their 
disintegrated  matrix,  and  transported  far  from  the  parent  rock,  to  be 
at  last  set  down  upon  some  gravelly  bed  over  which  the  force  of  the 
current  is  weakened.  The  mines  of  Brazil  and  the  Urals,  of  India, 
Borneo,  and  the  "river  diggings"  of  South  Africa  either  have  l>ecn 
or  are  now  in  deposits  of  this  character. 

The  "  dry  diggings  "  of  theKimberly  district,  in  South  Africa,  afford 
the  unique  locality  in  which  the  diamond  has  thus  far  been  found  in  its 
original  home,  and  all  our  knowledge  of  the  genesisof  the  mineral  has 
been  derived  from  study  of  this  locality.  The  mines  are  located  in 
"pans,"  in  which  is  found  the  "blue  ground"  now  recognized  as  the 
disintegrated  matrix  of  the  diamond.  These  "pans  "are  known  to  be 
the  "pipes,"  or  "necks,"  of  former  volcanoes,  now  deeply  dissected 
by  the  forces  of  the  atmosphere — in  fact,  worn  down  if  not  to  their 
roots,  at  least  to  their  stumps.  These  remnants  of  the  "pipes," 
through  which  the  lava  reached  the  surface,  are  surrounded  in  part  by 
a  black  shale  containing  a  large  percentage  of  carlwn,  and  this  is 
believed  to  be  the  material  out  of  which  the  diamonds  have  been  formed. 
What  appear  to  be  modified  fragments  of  the  black  .shale  inclosed 
within  the  "pipes"  afford  evidence  that  portions  of  the  shale  have 
been  broken  from  the  parent  beds  by  the  force  of  the  ascending  current 
of  lava — a  common  enough  accompaniment  to  volcanic  action — and  have 
been  profoundly  altered  by  the  high  temperature  and  the  extreme 
hydrostatic  pressure  under  which  the  mass  must  have  been  held.    The 
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moHt  important  feature  of  this  alteration  haK  been  the  recrystalizstion 
of  the  carbon  of  the  shale  into  diamond. 

This  apparent  explanation  of  the  genesis  of  the  diamond  finds  strong 
support  in  the  experiments  of  Moi^san,  who  obtained  artificial  diamond 
by  dissolving  carbon  in  molten  iron  and  immersing  the  mattm  in  cold 
water  until  a  firm  surface  crust  had  formed.  The  "chilled"  DiB8d  was 
then  removed,  to  allow  its  wtill  molten  core  to  solidify  slowly.  This 
it  does  with  the  development  of  enormous  pressures,  because  the  nat- 
ural expansion  of  the  iron  on  passing  into  the  solid  condition  is  rei^isted 
by  the  strong  shell  of  "chilled"  metal.  The  isolation  of  the  diamond 
was  then  accomplished  by  dissolving  the  iron  in  acid. 

The  prevailing  form  of  the  South  African  diamonds  is  that  of  a 
rounded  crystal,  with  eight  large  and  a  number  of  minute  faces— a 
form  called  by  cryatallographers  a  "modified  octahedron."  Their 
shapes  would  be  roughly  simulated  by  the  pyramids  of  Egypt  if  they 
could  be  seen,  combined  with  their  reflected  images,  in  a  placid  lake, 
or,  bett«r  to  meet  the  conditions  of  the  country,  in  a  desert  mir^. 
It  is  a  peculiar  property  of  diamond  crystals  to  have  convexly  rounded 
faces,  so  that  the  edges  which  separate  the  faces  are  not  straight,  but 
gently  curving.  Less  frequently  in  the  African  mines,  but  commonly 
in  some  other  regions,  diamonds  are  bounded  by  4,  12,  24,  or  even  48 
faces.  These  must  not,  of  course,  be  confused  with  the  faces  of  cut 
stones,  which  are  the  product  of  the  lapidary's  art. 

Geological  conditions  remarkably  like  those  observed  at  the  Kim- 
berley  mines  have  recently  been  discovered  in  Kentucky,  with  the 
difi'erence  that  here  the  shales  contain  a  much  smaller  percentage  of 
carbon,  which  may  be  the  reason  that  diamonds  have  not  rewarded  the 
diligent  search  that  has  I)een  made  for  them. 

Though  now  found  in  the  greatest  abundance  in  South  Africa  and 
in  Brazil,  diamonds  were  foniioriy  obtained  from  India,  Borneo,  and 
from  the  Ural  Mountains  of  Russia.  The  great  stones  of  history 
have,  with  hardly  an  exception,  come  from  India,  though  jn  recent 
ye^rs  a  number  of  diamond  monsters  have  been  found  in  South  Afrini- 
One  of  these,  the  "Excelsior,"  weighed  970  carats,  which  is  in  excess 
even  of  the  supposed  weight  of  the  "Great  Mogul." 

Occasionally  diamonds  have  come  to  light  in  other  regions  than 
those  specified.  The  Piedmont  plateau,  at  the  southeastern  base  of 
the  Appalachians,  has  produced,  in  the  region  between  southern  Vir- 
ginia and  Georgia,  some  10  or  12  diamonds,  which  have  varied  in 
weight  from  those  of  2  or  3  carats  to  the  "  Dewey  "  diamond,  which 
when  found  weighed  over  23  carats. 

It  is,  however,  in  the  territory  alxiut  the  Great  Lakes  that  the 
greatest  interest  now  centers,  for  in  this  region  a  very  interesting 
problem  of  origin  is  being  worked  out.  No  less  than  7  diamonds, 
ranging  in  size  from  less  than  4  to  more  than  21  carats^,i^^|to  men- 
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tion  a  number  of  ijiiiallcr  stones,  have  lM>ei1  recently  found  in  the  ilavs 
and  gmveU  of  this  region,  where  their  distribution  was  such  as  to 
indirate  with  a  degree  of  approximation  the  location  of  their  distant 
ancestral  home. 

In  order  clearly  to  set  forth  the  nature  of  this  problem  and  the 
method  of  its  solution  it  will  be  necessary,  first,  to  plot  upon  a  map 
of  the  lake  region  the  locality  at  which  each  of  the  Mtones  has  been 
found,  and,  further,  to  enter  upon  the  same  map  the  data  which  geolo- 
ifists  have  gleaned  regarding  the  work  of  the  great  ice  cap  of  the 
Glacial  period.  During  this  period,  not  remote  as  geological  time  is 
reckoned,  an  ice  mantle  covered  the  entire  northeastern  portion  of  our 
.continent,  and  on  more  than  one  occasion  it  invade*!  for  considerable 
distances  the  territory  of  the  United  StAtfts.  Such  a  map  as  has  been 
described  discloses  an  important  fact  which  holds  the  clew  for  the 
'ietection  of  the  ancestral  home  of  these  diamonds.  Each  year  is 
bringing  with  it  new  evidence,  and  we  may  look  forward  hopefully  to 
a  full  solution  of  the  pi'oblem. 

In  1883  the  "Eagle  Stone"  (PL  11}  was  brought  to  Milwaukee  and 
sold  for  the  nominal  sum  of  $1.  When  it  was  submitted  to  competent 
examination  the  public  learned  that  it  was  a  diamond  of  16  carats 
weight,  and  that  it  had  been  discovered  seven  years  earlier  in  earth 
removed  from  a  well  opening.  Two  events  which  were  calculated  to 
arouse  local  interest  followed  directly  upon  the  discovery  of  the  real 
nature  of  this  gem,  after  which  it  x»asscd  out  of  the  public  notice. 
The  woman  who  had  parted  with  the  gem  for  so  inade<|uate  a  compen- 
sation brought  suit  against  the  jeweler  to  whom  she  had  sold  it,  in 
order  to  recover  its  value.  This  curious  litigation,  which  naturally 
ai-oused  a  great  deal  of  interest,  was  finally  carried  to  the  supreme 
court  of  the  State  of  Wisconsin,  from  which  a  decision  was  banded 
down  in  favor  of  the  defendant,  on  the  ground  that  he.  no  less  than 
the  plaintiff,  had  Ireen  ignorant  of  the  value  of  the  gem  at  the  time  of 
purchasing  it.  The  other  event  was  the  "boom"  of  the  town  of 
Eagle  as  a  diamond  center,  which,  after  the  finding  of  two  other  dia- 
monds with  unmistakable  marks  of  African  origin  ui>on  them,  ended 
as  suddenly  as  it  had  begun,  with  the  effect  of  temijoi-arily  discn-edit- 
ing.  in  the  minds  of  geologists,  the  genuineness  of  the  original 
"tind." 

Ten  yeai-s  later  a  white  dianiotid  of  a  little  less  than  4  carats  weight 
came  to  light  in  ii  collection  of  pebbles  found  in  Oii'gon,  Wis.  (PI.  II), 
and  brought  to  the  writer  for  examination.  The  stones  had  l)een  found 
by  a  farmer's  lad  while  playing  in  a  day  bank  near  his  home.  The 
investigation  of  the  .sul)jpct  which  was  thereujwn  made  brought  out 
the  fact  that  a  third  diamond,  and  this  the  largest  of  all,  had  been  dis- 
covered nt  Kohlsville,  in  the  same  Stjite.  in  1SS3,  and  was  still  in  the 
possession  of  the  family  on  whose  proi>erty  it  had  been  foun(}.  OoOqIc 
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As  these  stones  were  found  in  the  deposits  of  "'drift"  which  were 
left  by  the  ice  of  the  Glacial  period,  it  was  clear  that  they  had  l»een 
brought  to  their  resting  phices  by  the  ice  itself.  The  map  reveals  the 
additional  fact,  and  one  of  the  greatest  significance,  that  all  these  d  ir- 
monds  were  found  in  the  so-called  "  kettle  moraine."  This  moraiae  oi 
ridge  was  the  dumping  ground  of  the  ice  for  its  burden  of  bowlders, 
gravel,  and  clay  at  the  time  of  its  later  inva8ion,-and  hence  indie 
the  boundaries  of  the  territory  over  which  the  ice  mass  was  t^^., 
extended.  In  view  of  the  fact  that  two  of  the  three  stones  found  "  ^ 
remained  in  the  hands  of  the  farming  population,  without  coming  uo 
the  knowledge  of  the  world,  for  periods  of  eleven  and  seven  years. 
respectively,  it  seems  most  probable  that  others  have  been  found. 
though  not  identified  as  diamonds,  and  for  this  reason  are  doubtless 
still  to  be  found  in  many  cases  in  association  with  other  local  "  curios  " 
on  the  clock  shelves  of  country  farmhouses  in  the  vicinity  of  tho 
"kettle  moraine."  The  writer  felt  warranted  in  predicting,  in  1894, 
that  other  diamonds  would  occasionally  be  brought  to  light  in  the 
"kettle  moraine,"  though  the  great  extent  of  this  moraine  left  little 
room  for  hope  that  more  than  one  or  two  would  be  found  at  any  one 
point  of  it. 

In  the  time  that  has  since  elapsed,  diamonds  have  been  found  at  the 
rate  of  about  one  a  year,  though  not,  so  far  as  I  am  aware,  in  any  ca.-;e 
as  the  result  of  search.  In  Wisconsin  have  been  found  the  Saukvilli' 
diamond  (PI.  Ill),  a  beautiful  white  stone  of  6  cnrats  weight,  and  aNo 
the  Burlington  stone,  having  a  weight  of  a  little  over  3  carats  {PI,  III), 
The  foraier  had  been  for  more  than  sixteen  yeai-s  in  the  possession  of 
the  finder  before  he  learned  of  its  value.  In  Michigan  has  been  found 
the  Dowagiac  stone  of  about  11  carab^  weight,  and  only  very  recently  a 
diamond  weighing  6  carats  and  of  exceptionally  fine  "  water"  htts  come 
to  light  at  Milford,  ne^r  Cincinnati  (PI.  III).  This  augnientattOD  of 
thenumbei'of  localities  and  the  nearness  of  all  to  the  "kettle  moraines" 
leaves  little  room  for  doubt  that  the  diamonds  were  conveyed  by  the 
ice  at  the  time  of  its  later  invasion  of  the  country. 

Having,  then,  arrived  at  a  satisfactory  conclusion  regarding  not  only 
the  agent  which  conveyed  the  stones,  but  also  respecting  the  period 
during  which  they  were  transported,  it  is  pertinent  to  inquire  by  whnt 
paths  they  were  breught  to  their  adopted  homes,  and  whether,  if  thesi' 
may  be  definitely  charted,  it  may  not  be  possible  to  follow  them  in  a 
direction  the  revei-se  of  that  taken  by  the  diamonds  themselves  until 
we  arrive  at  the  point  from  which  each  diamond  started  upon  its  jour- 
ney. If  we  succeed  in  this,  we  shall  learn  whether  they  have  a  common 
home,  or  whether  they  were  formed  in  regions  more  or  less  widely 
separated.  From  the  great  rarity  of  diamonds  in  nature  it  would  seem 
that  the  hypothesis  of  a  common  home  is  the  more  probable,  and  this 
view  finds  confirmation  in  the  fact  that  certain  marksof  "  consanguiu- 
it)'"  have  been  observed  upon  the  stones  already  found. 
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Not  only  did  the  ice  mantlet  register  its  advance  in  the  great  ridge 
of  morainic  mateml  which  we  know  as  the  "kettle  moraine,"  but  it 
has  engraved  upon  the  ledges  of  rock  over  which  it  has  ridden,  in  a 
simple  language  of  linea  and  grooves,  the  direction  of  its  movement, 
after  first  having  planed  away  the  disintegrated  portions  of  the  rock 
to  secure  a  smooth  and  lasting  surface.  As  the  same  ledges  have  been 
overridden  more  than  once,  and  at  intervals  widely  separated,  they  are 
often  found,  palimpsestUke,  with  recent  characters  superimposed  upon 
earlier,  partly  effaced,  and  nearly  illegible  ones.  Many  of  the  scat- 
tered leaves  of  this  record  have,  however,  been  copied  by  geologists, 
and  the  autobiogi-aphy  of  the  ice  is  now  read  fram  maps  which  give 
the  direction  of  its  flow,  and  allow  the  motion  of  the  ice  as  a  whole,  as 
well  as  that  of  each  of  its  parts,  to  be  satisfactorily  studied.  Itocent 
studies  by  Canadian  geologists  have  shown  that  one  of  the  highest 
summits  of  the  ice  cap  must  have  been  located  some  distance  west  of 
Hudson  Bay,  and  that  another,  the  one  which  glaciated  the  lake  region, 
was  in  Labrador,  to  the  east  of  the  same  body  of  water.  From  these 
points  the  ice  moved  in  spreading  fans  both  northward  toward  the 
Arctic  Ocean  and  southward  toward  the  States,  and  always  approached 
the  margins  at  the  moraines  in  a  direction  at  right  angles  to  their 
extent.  Thus  the  rock  material  transported  by  the  ice  was  spread 
out  in  a  great  fan,  which  constantly  extended  ibi  boundaries  as  it 
advanced. 

The  evidence  from  the  Oregon,  E^le,  and  Kohlsville  stones,  which 
were  located  on  the  moraine  of  the  Green  Bay  glacier,  is  that  their 
home,  in  case  thej'  had  a  common  one,  is  between  the  northeastern 
corner  of  the  State  of  Wisconsin  and  the  eastern  summit  of  the  ice 
mantle — a  nairow  strip  of  country  of  great  extent,  but  yet  a  first 
approximation  of  the  greatest  value.  If  we  assume,  further,  that  the 
Saukville,  Burlington,  and  Dow^iac  stones,  which  were  found  on  the 
moraine  of  the  Lake  Michigan  glacier,  have  the  same  derivation,  their 
common  home  may  confidently  be  placed  as  far  to  the  northeast  as  the 
wilderness  beyond  the  Great  Lakes,  since  the  Green  Bay  and  Lake 
Michigan  glaciers  coalesced  in  that  region.  The  small  stones  found  at 
Plum  Creek,  Wisconsin,  and  the  Cincinnati  stone,  if  the  locations  of 
their  discovery  be  taken  into  consideration,  still  further  circumscribe 
the  diamond's  home  territory,  since  the  lolies  of  the  ice  mass  which 
transported  them  made  a  complete  junction  with  the  Green  I^y  and 
Lake  Michigan  lobes  or  glaciers  considerably  farther  to  the  northward 
than  the  point  of  union  of  the  latter  glaciers  themselves. 

If,  therefore,  it  is  assumed  that  alt  the  stones  which  have  been 
found  have  a  common  origin,  the  conclusion  is  inevitable  that  the 
ancestral  home  must  be  in  the  wilderness  of  Canada  between  the  points 
where  the  several  tracks  marking  their  migrations  converge  upon  one 
another,  and  the  former  summit  of  the  ice  sheet.     The  broader  the  i'^ 
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"fan"of  their  distribution  the  nearer  to  the  latter  must  the  point  be 
located. 

It  is  by  no  means  improbable  that  when  the  barren  territory  about 
Hudson  Bay  is  thoroughly  explored  a  region  for  profitable  diamond 
mining  may  be  revealed,  but  in  the  meantime  we  may  be  sure  ttiat 
individual  stones  will  occasionally  be  found  in  the  new  American  home.' 
into  which  they  were  imported  long  before  the  daya  of  tariffs  andport» 
of  entry.  Mothernature,  not  content  with  lavishing  upon  our  favored 
nation  the  boundless  treasures  locked  up  in  her  mountains,  h&n  robbed 
the  t^jrritory  of  our  Canadian  cousins  of  the  rich  soils  which  she  has 
unloaded  upon  our  lake  States,  and  of  the  diamonds  with  which  she 
has  sowed  them. 

The  range  of  the  present  distribution  of  the  diamonds,  while  per- 
haps not  limited  exctu.sively  to  the  "kettle  moraine,"  will,  as  the 
events  have  indicated,  be  in  the  main  confined  to  it.  This  inoniioe. 
with  its  numerous  subordinate  ranges  marking  halting  places  in  the 
final  retreat  of  the  ice,  has  now  been  located  with  sufficient  accuracy 
by  the  geologist  of  the  United  States  Geolc^cal  Survey  and  others, 
approximately,  as  entered  upon  the  accompanying  map.  Within  the 
territory  of  the  United  States  the  lai^ 
number  of  observations  of  the  rock  scor- 
ings makes  it  clear  that  the  ice  of  eacb 
lobe  or  glacier  moved  from  the  central 
portion  toward  the  mai^nal  moraines, 
which  are  here  indicated  by  dotted  band.*- 
In  the  wilderness  of  Canada  the  observa- 
tions have  been  rare,  but  the  few  data 
which  have  been  gleaned  are  there  represented  by  arrows  pointed  in 
the  direction  of  ice  movement. 

There  is  every  encouragement  for  persons  who  reside  in  or  near  the 
marginal  moraines  to  search  in  them  for  the  scattered  jewels,  which 
may  be  easily  identified  and  which  have  a  large  commercial  es  well  a* 
scientific  value. 

The  Wisconsin  geological  and  natural  history  sur\'ey  is  now  interest- 
ing itself  in  the  problem  of  the  diamonds,  and  has  undertaken  the  task 
of  disseminating  information  bearing  on  the  subject  to  the  people  who 
reside  near  the  "  kettle  moraine."  With  the  cooperation  of  a  number 
of  mineralogist;*  who  reside  near  this  "  diamond  belt,"  it  offers  to  make 
examination  of  the  supposed  gem  stones  which  may  be  collected. 

The  success  of  this  undei-taking  will  depend  upon  securing  the 
cooperation  of  the  people  of  the  morainal  l)clt.  Wherever  gravel 
ridges  have  there  been  opened  in  cuts  it  would  be  advisable  to  lookfof 
diamond.s.  Children  in  particular,  Itecause  of  their  keen  eyes  and 
abundant  leisure,  should  lie  encouraged  to  search  for  the  clear  stones. 
The  serious  defect  in  this  plan  is  that  it  trusts  to  inexperienced  per- 
sons to  discover  the  buried  diamond^,  which  in  the  "rough"  areprob- 
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ably  unlike  anything  that  they  huve  ever  seen.  The  fii^t  result  of  the 
search  ha»  been  the  collection  of  large  nunil>ers  of  quartz  pchbles, 
which  are  everj'where  present,  but  which  are  entirely  valueless.  There 
are,  however,  some  simple  wayit  of  distinguishing  diamonds  from 
quartz. 

Diamonds  never  appear  in  thoroughly  i-ounded  forms,  like  oi-dinary 
pebbles,  for  they  are  too  hard  to  be  in  the  least  degree  worn  by  con- 
tact with  their  neighbors  in  the  gravel  bed.  Diamonds  always  show, 
moreover,  distinct  forms  of  crystals,  and  these  generally  Ijear  some 
resemblance  to  one  of  the  forms  figured.  They  ai-e  never  in  the  least 
degree  like  crystals  of  quartz,  which  arc,  however,  the  ones  most  fre- 
quently confounded  with  them.  Most  of  the  Wisconsin  diamonds 
have  either  12  or  48  faces.  Crystals  of  most  minerals  are  bounded 
by  plane  surfaces— that  is  to  say,  their  faces  are  flat;  the  diamond, 
however,  is  inclosed  by  distinctly  curving 
surfaces. 

The  one  property  of  the  diamond,  however, 
which  makes  it  easy  of  determination  is  its 
extraordinary  hardness — greater  than  that  of 
any  other  mineral.  Put  in  simple  language, 
the  hardness  of  a  substance  may  l>c  described 
as  its  power  to  scratch  other  substances  when 
dmwn  aci-oss  them  under  pressure.  To  com- 
pare the  hai-dness  of  two  substances  w*, 
should  draw  a  sharp  point  of  one  across  a  sur- 
face of  the  other  under  a  pressure  of  the 
fingers,  and  note  whether  a  permanent  scratch 
is  left.  The  harder  substances  will  always 
scratch  the  softer,  and  if  both  have  the  same 

hardness  they  may  be  made  to  uuitually  scratch  each  other.  Since 
diamond,  sapphire,  and  ruby  are  the  only  minerals  which  are  harder 
than  emery,  they  are  the  only  ones  which,  when  diawn  across  a  rough 
emery  surface,  will  not  receive  a  scratch.  Any  stone  which  will  not 
take  a  scratch  from  emery  i.'*  a  gem  stone  and  of  sufficient  interest  to 
be  referred  to  a  com[)eteiit  mineralogist. 

The  dissemination  of  information  regarding  the  lake  diamonds 
through  the  region  of  the  moraine  should  serve  the  twofold  purpo,sc 
of  encouraging  search  for  the  buried  stones  and  of  discovering  dia- 
monds in  the  little  collections  of  "lucky  stones"  and  local  cuiios 
which  accumulate  on  the  clock  shelves  of  country  farmhouses.  When 
it  is  considered  that  thi'ee  of  the  largest  diamonds  thus  far  found  in 
the  region  remained  for  periods  of  seven,  eight,  and  sixteen  years, 
respectively,  in  the  hands  of  the  farming  population,  it  can  hardly  be 
doubted  that  many  other  diamonds  have  been  found  and  preserved  as 
local  curiosities  without  their  real  nature  being  discovered. 


ThE  African  atones moit  rewm- 
blc  Ihe  ngure  above  at  tbe  led 
(oouhe"lniti).  The  Wincoinln 
Monea  mont  resemble  I  be  flpire 
above  at  tbe  light  (dodecahe- 
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a  rough  sketch  (tig.  1;  originally  publifshed  in  Lutlte'e  Atlas  in  1836). 
which,  so  far  as  I  have  l)OPn  able  to  ast^rtain.  is  the  first  published 
figure  of  the  island;  no  othei-s  appear  to  have  l>een  drawn  until  1873. 


I  o[  Bogoalof  and  8b<p  Rock  In  ISXt. 


when  Dall  made  six  outline  sketches  froiii  different  positions.  One  of 
these,  from  essentially  the  some  point  of  view  as  Tcbeiikors,  is  here 
reproduced   for  comparison  (fig.  2).     It   shows  how  the  island  had 


Fiii.  L'.— DaU'g  Bki'tch  of  Bogoslol  and  Ship  Rock  In  1873.    From  Iho  soiilh. 

shortened,  and  how  the  elevated  central  peak  had  weathered  and  dis- 
integrated until  it  was  hardly  higher  than  the  northwest  end,  which 
end  had  suffered  most  from  the  inroads  of  the  sea. 


In  18S7,  according  to  Greenfield,  the  northwest  peak  was  crowned 
by  a  slender  pinnacle,  which,  in  1891,  the  date  of  my  first  visit,  had 
fallen.     Jn  the  latter  year  this  peak  was  a  huge,  bluntly  rounded  pillar, 


BOOOSLOF  AND  CONNECTINQ  SPIT  IN   1884. 

Phougntphs  by  Lieutenant  Doty. 
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lower  than  the  middle  peak,  and  the  depression  between  the  two  had 
become  a  long,  deeply  excavated  saddle  (fig.  3). 

The  illustrations  already  given  show  the  island  from  the  side,  and 
give  a  false  impression  of  its  stability  and  form.  When  .-cen  "end 
on,"  it  appears  as  a  narrow-crested  ridge.  It 
was  described  by  Dall  in  1873  as  "a  sharp,  ser- 
rated ridge,  about  850  feet  in  height,  very  nar- 
row, the  aides  meeting  above  in  a  very  acute 
angle,  where  they  are  broken  into  a  number  of 
inaccessible  pinnacles^'  (Gg.  4).  This  extreme 
narrowness  has,  of  course,  materially  hastened 
the  disintegration  of  the  upper  part  of  the 
volcano.  Some  idea  of  the  loss  between  1873  and  ISW  may  bo  had 
by  comparing  Dall's  sketch  (lig.  i)  with  a  photograph  taken  by  the 
Alhatrosa  in  1890  (fig.  5). 

When  the  Harriman  expedition  visited  Bogoslof  on  the  evening  of 
July  8.  18!h»,  fog  rested  so  heavily  on  the  summit  that  the  form  of  the 


Flo.  e.— Old  >Ld  New  Bogoglal  Irom  Ihe  M>ulh«)ut  In  1S9D.    From  pboto  by  U.  S.  Fial 

two  highest  peaks  could  not  be  completely  made  out,  but  the  *lowncss 
of  the  ridge  as  a  whole,  the  small  size  of  the  northwest  peak,  and  the 
depth  of  the  noteh  separating  it  from  the  rest  of  the  mass,  told  too 
plainly  of  the  rapidity  with  which  the  destruction  is  going  on  and 
foreshadowed  the  eventual  downfall  of  the  peaks. 

SEW    BOGOSLOF   OR  ORBWINGK." 

The  towering  cliffs  of  Old  Bogoslof  no  longer  battle  alone  with  the 
angry  storms  of  Bering  Sea,  for  close  at  hand  a  new  island  has  risen. 
Its  birth  was  not  witnessed  by  human  eye;  no  earthquake  shock 
marked  its  advent,  and  the  date  of  its  upheaval  may  never  be  known. 
It  was  first  seen  by  Captain  Anderson  of  the  schooner  Matthew  Turner, 
on  September  27,  1883,  and  was  then  in  active  eruption,  throwing  out 
large  masses  of  heated  rock  and  great  volumes  of  smoke,  steam,  and 
ashes,  which  came  from  the  apex  and  from  numerous  fissures  on  the 
sides  and  base,  some  of  which  were  below  the  surface  of  the  sea. 


■Captain  Tiague  suggested  for  the  new  islet  the  name  "  New  tiogosioi,"  and  Dall, 
in  an  article  pulilislieii  iu  Scieni-e  in  January,  1H»4,  pro|>"BH.'<l  that  it  be  named 
"Urewingk,"  In  honor  of  the  Kiueian  llrewingk,  who,  in  18.W,  puhlishe<l  an  iniiKtrr^jl., 
tant  compilation  of  the  varioUH  early  aifounta  relating  to  Old  Bi^kiIoI.  ^  O 

8M  UIOl     —•1-k        • 


370  BOOOSLOK   VOLCANOES. 

Jjtir^e  t'M-ks  were  shut  high  in  the  air,  and  falling  back  into  the  water 
acut  forth  Hteara  and  a  hi»»ing  sound.  After  nightfall,  the  vos^l 
l*cin^  then  atwut  25  miles  to  windward, fire  was  observed  on  the  island. 
A  month  later  {October  27)  Captain  Hague  of  the  Hchooner  D'Th 
approached  within  a  mile,  passing  through  a  streak  of  red  water  anil 
then  into  a  streak  of  green  wat«r.  He  is  quoted  as  saying  that  black 
smoke,  like  that  from  burning  tar,  was  issuing  from  the  volcano;  that 
it  threw  out  flame,  smoke,  and  red-hot  rocks,  and  that  among  the  s«i 
lions  ol)served  near  by  were  a  number  which  had  been  scalded  so  that 
the  hair  bad  come  off.     He  thinks  many  were  killed. 


■S'^- 

^--^"  ;"', 


^Si,?*>/ 
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A  short  time  afterwards  both  captains  returned  to  San  Fmncisco. 
where  they  communicated  their  oliservations  to  Prof.  Geoi^e  David- 
son, of  the  U.  S.  Coasit  Survey,  who  published  a  brief  account  in 
Science.  They  approached  the  island  from  opposite  directions,  piis.-*wl 
close  to  it,  and  saw  it  from  all  sides.  Thej'  agreed  that  the  new  island 
was  larger  than  the  old,  from  which  it  was  distant  about  half  a  mil'': 
that  it  rose  precipitously  from  the  sea  with  very  steep  sides;  that 
great  steam  jets  poured  out  around  the  base;  that  the  summit  was 
hidden  by  fog  or  clouds  of  steam,  and  that  its  height  was  somewhere 
between  800  and  1,200  feet.  From  their  descriptions  Professor  David- 
son made  the  accompanying  drawing  (fig.  6).  C  lOOi^lc 
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On  Octobei'  20,  1883,  between  the  visits  of  Captains  Andcrjson  and 
Hague,  a  i^hower  of  fine  volcanic  ashes  or  dust  fell  at  Unalaska,  con- 
cerning which  the  signal  observer  there  reported:  '*At  2.30  p.  ni,  the 
air  became  suddenly  darkened  like  night,  and  soon  after  a  shower  of 
mixed  sand  and  water  fell  for  about  ten  minutes,  covering  the  ground 
with  a  tliin  layer.  The  windows  were  so  covered  that  it  was  impos- 
sible to  see  through  them.^'  Another  eyewitness  stated  that  a  remark- 
able black  cloud  appeared  in  the  north  and  soon  overspread  the  entire 
heavens,  settling  down  very  low  and  cutting  off  the  light  of  the  sun. 
It  finally  broke  and  disappeared  in  a  shower  of  ashes. 

The  first  landing  on  the  new  volcano,  so  far  as  known,  was  made 
nine  months  after  its  discovery,  by  the  officers  of  the  revenue  steamer 
Corwin,  Capt.  M.  A,  Healy,  on  May  21,  1884.  The  report  on  this 
visit,  written  mainly  by  Lieut.  J.  C.  Cantwell,  states  that  the  height 
of  the  new  volcano  was  about  500  feet;  that  its  upper  third  was  cleft 
by  a  great  fissure  or  crater,  the  interior  of  which  could  not  be  reached 
or  seen,  owing  to  the  heat,  steam,  and  fumes  of  sulphur;  that  steam 
issued  not  only  from  the  crater,  but  also  and  with  great  violence  from 


TiQ.  T.— New  Bogoalol  from  I] 

the  rlEhl  thenorlbweat  cliaoIOId  Bagaelol  mar  be  seen. 

rents  or  areas  in  the  sides  of  the  cone;  that  the  numerous  steam  vents 
were  lined  with  thick  deposits  of  sulphur,  and  the  escaping  steam  was 
suffocating;  that  the  volcano  was  covered  with  a  thin  layer  of  ashes, 
the  surface  of  which,  from  the  action  of  niin,  had  Ixsen  converted  into 
a  crust  over  which  the  party  found  great  difficulty  in  climbing,  break- 
ing through  and  sinking  ankle- deep  to  knee-deep  into  an  almost  impal- 
pable dust  which  rose  in  clouds  and  nearly  suffocated  them. 

At  this  time  the  old  and  new  volcanoes  wci-e  connected  by  a  broad 
bar  or  spit  (shown  in  Lieutenant  Doty's  photograph,  I'l.  I,  and  in 
Cantwell's  chart,  PI.  Ill,  fig.  1),  from  which,  near  the  Imse  of  the  new 
volcano,  rase  a  tower-like  rock  87  feet  in  height.  Barnacles  and 
water-marks  on  this  rock,  20  feet  or  more  above  sea  level,  indic-atcd 
recent  elevation. 

A  week  after  the  visit  of  the  Ctn'wiii  (May  21,  18S4)  Lieut.  George 
M.  Stoney,  of  the  Navy,  arrivi'd  at  Bogoslof  and  .spent  three  days  in 
taking  soundings.  Many  earthquake  shocks  were  felt  on  the  schooner 
as  it  lay  at  anchor,  and  Lieutenant  Stoney  states  that  once,  when 
climbing  the  volcano,  "a  most  sensible  vibration  of  the  whole  muss 
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took  place;  nimbling  sounds  and  n  <)ull  roar,  similar  to  the  discharge 
of  distant  cannon,  were  heard  at  intervals;  and  though  flames  were 
seen  only  upon  two  oc<-a.''ions,  yet  this  is  t>elieved  to  have  been  due  to 
the  little  darkness  of  the  season  at  that  latitude." 

In  September  of  the  following  year  (1885)  the  C'linoin  paid  another 
visit  to  the  island,  and  on  leaving  in  the  evening  witnessed  a  most 
extraordinary  spectacle.  The  summit  of  the  volcano  was  enveloped 
in  a  bright  sulphurous  light,  which  burst  from  long  rifts  in  its  side 
and  shone  out  against  the  black  sky  in  the  background,  a  striking  and 
impressive  display. 

In  ISiK),  when  seen  hy  the  Altmti-'iif^,  the  islands  were  still  connected 
by  the  gravel  bar  or  isthmus,  and  theiroollective  length  was  estimated 
at  a  mile  and  a  quarter  (flg.  8). 

The  following  year,  18!>1,  it  was  my  good  fortune  to  visit  the  vol- 
cano. Keturning  from  the  Seal  Islands,  which  we  left  on  the  evening 
of  August  m,  on  board  the .  IMw/ywN,  we  made  direct  for  the  volcanoes. 
The  night  was  densely  foggy,  as  usual  in  Bering  Sea  in  summer,  and 


—The  oW  and  new  vnlcsnocs  In  ISW).  from  Ihe  wiilhwcsl  (being  N.  i  E. ).    rrom  pboUfnl^ 


the  early  morning  brought  no  change.  The  ship  was  feeling  her  way 
cautiously,  with  no  land  in  sight,  when  suddenly,  about  7  o'clock,  lie 
fog  lifted,  and  we  saw  directly  ahead,  and  hardly  a  mile  away,  the  bold 
front  of  the  new  volamo.  It  was  with  a  thrill  of  excitement  that  we 
saw  the  precipitous  cliffs  of  the  northern  end  break  through  the  fog, 
and  heard  the  fierce  rush  of  escaping  steam,  whose  roar,  when  the 
engines  stopped,  drowned  all  other  noise.s,  not  excepting  the  cries  of 
the  nij'riad-s  of  sea  birds  which  swarmed  about  tliu  rocks  like  Iiees  about 
a  hive.  A  little  farther  away,  and  somewhat  to  the  left.  Old  Bogoslof 
soon  came  into  view.  The  relations  of  the  two  are  shown  in  the  accom- 
panying repi"oduction  of  a  photograph  (PI.  II)  taken  by  me  from  the 
deck  of  the  steamer.  The  bar  or  i.ithnms  which  from  1884  to  1890 
connected  the  two  islands  had  disapi)cared.  From  Old  Bogoslof  an 
entirely  new  and  verj'  long  spit  had  formed  on  the  west  side,  and  ex- 
tended westerly  foral)out  a  mile,  leaving  an  open  channel  aquaiterof 
a  mile  wide  between  the  two  islands  (chart,  PI.  Ill,  fig,-2).        . 

C,ooglc 


/I 


'*— -"■"'""°»*  CooqIc 

Rough  Charts  of  Boqoglof  Islands,  showing  Positions  of        O 
Bars  in  1884,  1891,  and  189&. 
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The  new  volcano  was  enveloped  in  steam,  which  iasued  frori  thou- 
sands of  small  cracks  and  crannies  and  poured  in  vast  clouds  from 
a  few  great  fissures  and  crater-like  openings,  the  principal  of  which 


was  near  the  northcuHt  corner,  only  a  few  feet  alwve  high-wator 
mark.  From  thia  opening,  the  shape  of  which  we  could  not  make 
out,  the  steam  ruMlieil  with  a  loud  roaring  noise.     In  moat  places  it 


Kio.  JO.-Kurlhwi.*! 


wa»  impregnated  with  fumes  of  tiulphur,  and  deposits  of  aulphur. 
Home  in  very  fine  needles,  were  observed  along  the  uiargins  of  the 
cracks.  Most  of  the  rocks  were  hot,  and  jxiols  of  hot  water  occuri'ed 
along  the  beach.  .    |     ,     Cj(^11>qIc 
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Captain  Tanner,  who  had  been  tEci-c  tho  pi-evious  year,  expressed 
surprise  at  the  altered  appearances.  Not  only  had  the  connectiofr 
spit  disappeared,  but  the  island  bad  decreased  in  height  at  least  100 
feet,  and  the  pinnacle  had  fallen  and  was  lying  in  huge  masses  on  the 
steep  incline. 

In  1895  Bogoslof  was  visited  by  Becker  and  Dall,  of  the  U.  S.  Geo- 
logical Survey,  They  found  the  activity  of  the  steam  vents  greatly 
diminished  and  the  top  of  the  volcano  lowered  and  flattened.  This 
flattened  plateau-ltkc  form  hai  continued,  and  is  excellently  shown  in 


PlQ.  11.— The  l>Ianda  Irum  a  Uttk  cut  ut  north  iii  II«V7.    Froia  photograph  bf  Dr.  U  Stcjnegcr. 

the  accompanying  illustration  from  a  photograph  taken  by  Dr.  Leon- 
hAn\  Stjeneger  in  1897  (tig.  11). 

In  1899,  when  seen  by  the  Uarriman  expedition,  no  change  was 
observed. 

SUMMARY. 

Accounts  of  early  navigatoi-n  and  ti-aditlons  of  native  Aleuts  agree 
that  long  licfore  the  upheaval  of  the  modern  volcaiioeM  a  large  pillar- 
like rock  stood  in  the  place  now  occupied  by  Bogoslof  Islands.  The 
dwindling  remnant  of  this  large  rock,  known  as  Ship  Rock,  whose 
position  wari  between  the  present  islands,  fell  in  1888  or  1889.  In 
early  times  it  niuMt  have  been  partly  surrounded  by  low  i-ocks  or 
spita,  for  it  was  always  a  grejit  resort  of  sea  Hons,  and  these  animals 
do  not  roiiiain  about  pei-pendicular  rocks  in  the  open  ocean,  where  there 
is  no  place  to  land. 

In  1796  a  volmnic  island  (Old  Bogoslof)  wa.s  upheaved  about  half  a 
mile  southeast,  of  Ship  Ilock.  For  some  years  it  ini'rca.s(ed  in  size  and 
then  slowly  cooled,  after  which  it  began  to  weather  and  disintegi'ate, 
and  to  be  torn  away  by  the  sea. 

In  1883  a  new  volcano  appeared  close  to  Ship  Rock,  but  on  the  oppo- 
site (northwest)  side.  Its  summit  for  the  first  few  years  was  mono- 
tainous  and  irregular,  hut  between  1891  and  189S  it  became  flattened 
and  plateau -like. 

For  six  years  (1884-1890)  Old  and  New  Bogoslof  were  completely 
connected  by  a  broad  spit,  or  isthmus.  _,  , 
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In  1891  the  istbmua  was  washed  away  and  a  new  spit  a  mile  long 
formed  on  the  west  side  of  Old  B<^oslof  (fig.  12).  The  date  of  its 
disappearance  is  unknown,  but  in  1895  do  trace  of  it  was  left. 


Fm.  W.-«l<1  BogOHltrf  (0 


In  1895  a  spit  of  about  the  same  length  leat^hed  out  in  an  oMcrly 
direction  from  New  Bogoslof,  and  in  1899  evidence  of  its  presence 
was  recorded. 
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THE  ANTARCTIC  VOYAGE    OF    THK    BELGICA    DURING 
THE  YEARS  1897,  1898,  AND  1899. " 


By  Hkxryk  Arctowski. 

0/  Ihf  ivleiitiji/:  tldff  of  Ihe  fj-/>fditi;n 


The  Belgian  Antarctic  Expedition,  a  member  of  which  I  had  the 
honor  to  be,  was  the  tirst  to  winter  amid  the  ice  of  the  South  Pole — 
the  firiit  of  the  several  expeditions  whose  combined  har\'est  of  scien- 
tific results  is  destined  to  effect  a  complete  revolution  in  our  knowl- 
edge of  the  antarctic  regions.  The  object  of  the  expedition  was  noi 
to  pass  the  extreme  points  reached  bj-  Kos-<and  Weddell.  We  aimed, 
on  the  contrary,  at  achieving  something  new — something  which  might 
better  meet  the  requirements  of  modern  geogmphy, 
'  The  expedition  was  a  private  undei'taking  subsidized  by  the  Belgian 
Government.  The  initiative  was  due  to  Commander  de  Gcrlai-hr,  who, 
from  1894  onward,  had  entertained  a  wish  to  undertake  a  voyage  of 
exploration  to  the  South  Pole.  Early  in  IHlttJ  the  Brussels  Geograph- 
ical Society,  which  gave  its  patronage  to  the  project,  organized  a 
national  subscription.  Large  and  small  gifts,  and  a  generous  grant 
from  the  Government,  amounted  to l^,(HK).  With  this  sum  a  whaling 
vessel  and  scientific  apparatus  were  purchased  and  the  expenses  of  the 
expedition  paid. 

The  Bdgica  was  a  three-masted  bark,  100  feet  long,  with  a  dis- 
placement of  250  tons,  and  auxiliary  engines  of  150  horsepower.  The 
hull  was  pi-otected  by  a  casing  of  hard  wood.  Aft,  on  the  deck,  were 
placed  the  cabins  of  the  officers  and  of  the  scientific  staff,  while  in  the 
fore  part,  under  the  bridge,  a  laboratoiy  was  rigged  out. 

In  three  essential  points  the  organization  of  the  expedition  was 
defective.  Firstly,  there  was  no  written  contract  as  Iretween  the  staff 
and  the  leader  of  the  expedition,  and  the  functions  of  the  several 
memljei-s  were  not  sufficiently  defined;  secondly,  no  written  instruc- 
tions were  provided  either  by  the  l^lgian  Government  or  by  the  Geo- 
graphical Society,  or  by  any  other  learned  body;  and,  thirdly,  no 
definite  programme  for  the  voyage  had  been  drawn  up. 

'Reprinted  in  abstract  from  the  Geographiial  Joumftl,  London,  October,  1901. 
Illustrations  from  photographa  kindly  lent  by  Dr.  F.  A.  Cook,  a  member  of  the 
eipedilion,  by  whom  they  were  taken.  The  illuslrations  have  l>een  previously  pub- 
lished by  Frederick  A.  t^ook,  in  "Throngh  the  First  Antarctic  Ni|{ht,"  Doubleday  & 
McCiure  Company,  New  York,  and  ar«  I'opyrightcd  by  Doctor  Cook.      ,  --  i 
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The  Belgian  Antarctic  Expedition  maintained,  therefore,  the  char- 
acter of  a  private  enterprise,  in  which  the  individual  liberty  accorded 
might  easily  have  led  to  anarchy  on  board.  If  1  lay  streas  on  thio 
point,  it  is  because  I  feel  that  the  example  of  the  Beigica  ought  not 
to  be  followed.  In  a  similar  expedition  it  is  requisite  not  merely  to 
make  a  good  choice  of  the  individually  who  are  to  take  part  in  it,  but 
to  do  all  in  one's  power  from  the  outset  to  secure  a  proper  orguni- 
zation,  to  define  the  duties  of  eaoh  one  of  the  staff,  so  h.s  to  give 
stability  to  the  entei-prise,  and,  further,  to  provide  a  definite  plan — just 
what  we  lacked. 

We  left  Antwei-p  on  August  16,  18!*7.  The  speed  of  the  Be/^ica, 
under  ^team,  being  only  from  i  to  6  knots,  the  crossing  of  the  Atlantic 
was  slow  and  of  little  interest.  The  vessel  was  so  overloaded  that  the 
deck  was  scarcely  2  feet  above  the  water  line.  Dr.  Frederick  A.  Cook 
joined  the  expedition  at  Rio  de  Janeiro.  We  had  several  desertions 
among  our  Belgian  seamen  while  in  South  American  waters  and  finally 
left  Punta  Arenas  with  a  quite  insufficient  crew.  The  whole  comple- 
ment of  the  Beigica  was  thus  reduced  to  I'J  men,  as  follows: 

Adrien  de  Gerlache,  commanding;  Geoi^ge  Lecointe,  second  in  com- 
mand, and  Itoald  Amundsen,  officer;  Emilc  Danco,  Emile  Racovitza, 
Henryk  Arctowski,  and  Antoni  Dobrowolski,  ^scientists;  Frederick  A. 
Cook,  doctor;  Henri  Somers  and  Max  van  Rvsselberg,  engineci"s; 
Tollewsen,  Melaci'ts,  Johansen,  Knutsen,  Koren,  Wiencke,  Michotte, 
Dufour,  Van  Mirlo,  seamen. 

The  Jii'lgica  left  Staten  Island  on  January  14,  1898,  and  it  was 
from  this  date  that  our  vDyage  of  exploration  Iwgan.  We  had  all  the 
equipment  necessary  for  o<-eanographicaI  investigations,  and  I  was 
happy  to  be  able  at  last  to  coumicncc  my  i-cseart^be^,  which  began  with 
an  interesting  dist^^ovcry.  South  of  Staten  Island,  in  the  latitude  of 
Capo  Horn,  the  sounding  lead  only  touched  bottom  at  2,200  fathoms, 
and  from  this  point  the  depths  gradually  diminish  toward  the  south. 
It  is,  therefore,  toward  the  east  that  1  think  we  must  look  for  the  pi-o- 
longation  of  the  Andes,  since  south  of  Cape  Horn  we  ai'c  still  in  tbe 
Barker  basin.  The  Pacific  Ocean  ought,  therefore,  to  be  extended 
beyond  the  meridian  of  Cape  Horn,  for  its  natural  limit  will  certainly 
be  found  in  the  submarine  ridge  of  the  Andes. 

On  January  23  we  reiu'hcd  Hughes  Gulf,  the  outlines  of  which  are 
but  \aguely  traced  on  the  Admiralty  chart  from  the  indications  sup- 
plied early  in  the  nineteenth  century  by  English  and  American 
whalers.  We  soon  saw  that  the  modern  charts  of  Petermann  and 
Friederichsen,  intended  to  illustmte  the  discoveries  of  the  German 
Captain  Dallmann,  were  entirely  at  fault.  As  the  infonnation  respect- 
ing the  lands  situated  to  the  southof  Cape  Horn  was  extremely  scanty, 
we  all  worked  our  hardest  to  collect  sufh  data  as  should  be  obtainable 
on  the  nature  and  extent  of  these  lands.  Captain  Lecointe,  assisted 
by  Commander  de  Gerlache,  was  busy   from  morning  till  night  on 
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aurvey  work,  the  Bdgica  being  moved  from  place  to  place  in  order 
that  all  the  details  of  the  coast  might  be  seen  from  near  at  hand;  Dr. 
Cook  was  constantly  ut  work  taking  phott^raphs;  Racovitza  took 
notes  on  the  animala  and  plants^  which  he  managed  to  collect;  while  I 
took  every  opportunity  of  landing  to  collect  specimens  of  the  rocks 
and  study  the  glaciers  of  this  region,  besides  taking  numerous  photo- 
graphs. 

]  will  not  dwell  in  detail  on  our  zigzag  course  through  Belgica  Strait. 
The  chart  constructed  by  Captain  Le<'ointe  gives  an  idea  of  the  work 
accomplished  during  the  three  weeks  devoted  by  the  expedition  to 
cartography.  The  important  point  which  is  brought  out  by  Lecointe's 
map  is  that  the  east  coastof  the  strait  traversed  by  us  is  perfectly  con- 
tinuous, and  that  its  contours  display  the  characteristic  features  of  a 
region  of  fiords.  Toward  the  south  thi.s  land  (named  by  us  Danco 
Land,  in  memory  of  Lieut.  Emile  Danco,  who  died  during  the  course 
of  the  expedition)  is  connected  with  Crraham  Land,  the  northern 
extremity  of  which  was  likewise  explored  by  us.  Toward  the  north, 
on  the  contrary,  the  continental  coast  line  was  not  traced  by  the  expe- 
dition, for  this  would  have  necessitated  reti-acing  our  .steps,  whereas, 
the  season  being  already  far  advanced,  we  had  to  continue  our  onward 
voy^e  to  the  south.  But  as  the  inland  ice  rises  to  a  very  consider- 
able height  east  of  Hughes  Inlet,  I  have  been  led  to  believe  that 
land  must  reach  in  that  direction  as  far  as  Louis  Philippe  Land.  It 
therefore  seems  likely  to  me  that  the  coast  line  is  continuous  to  that 
point,  and  that  Louis  Philippe  Land  is  in  reality  the  northern  tei-mi- 
nation  of  Graham  Land,  and  that  the  "  New  Greenland  "  of  the  first 
explorers  of  this  region  is  not  a  phantasm.  The  large  islands  situated 
to  the  we.Ht  of  Belgica  Strait  form  an  archipelago,  which  hiis  been 
named  Palmer  Archij)elago,  in  order  to  give  a  place  on  the  n)aps  to 
the  name  of  this  intrepid  American  navigator. 

The  antarctic  lands  which  we  visited  are  very  mountainous,  and  the 
mountains  reach  to  the  shores  almost  everywhere.  The  region  of  Bel- 
gica Channel  bears  the  characters  of  a  depressed  area,  ho  much  so  that 
in  spite  of  one's  self  one  is  driven  to  the  conclusion  that  the  whole 
block  has  sunk  into  the  sea,  under  the  pressure  produced  by  the  accu- 
mulation of  ice,  to  a  depth  sufficient  to  restore  equilibrium.  By  rea- 
son of  this  ice,  which  seems  to  be  piled  up  in  quantities  almost  as  great 
as  the  extent  of  the  lands  permits,  the  relief  of  the  ground  is  almost 
completely  masked.  Still  there  are  valleys  blocked  by  immense  streams 
of  ice,  and  in  these  valleys  there  must  be  sills,  since  ice  falls  are  to  be 
seen  here  and  there.  Cirques  too  occur;  so  that  we  find  all  the  fonns 
characteristic  of  fluviatile  erosion,  and  1  feel  no  doubt  at  all  that  before 
the  Glacial  epoch  this  region  was  clear  of  ice,  and  that  the  traces  of 
relief  noticed  were  produced  by  running  water.  This  relief  can,  how- 
ever, be  only  guessed  at,  at  the  present  day,  for  the  eternal  snows  havel,, 
accumulated  everywhere,  and  it  is  only  by  the  directions  of  the  glaciers 
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and  the  external  furnis  of  the  »iiow  tields.  as  well  as  by  the  crevasses, 
that  we  can  picture  tooursclveM  the  form  of  the  ground  un  which  these 
ice  masses  rest. 

Still  it  is  possible  to  trace  some  of  the  broad  lines  of  the  irregulari- 
ties of  the  relief,  due  to  tectonic  causes.  The  two  principal  islands  of 
Palmer  Archipelago  are  traversed  in  the  direction  of  their  length  by  a 
chain  of  mountains  having  a  well-defined  direction  from  southw&st  to 
northeast,  with,  I  believe,  a  gentle  curvature  to  the  east.  The  Biscoc 
Islands  certainly  form  the  southem  prolongation  of  this  chain,  while 
Trinity  Island  is  possibly  that  to  the  northeast.  Moreover,  from  the 
few  geolt^ioal  data  which  I  could  collect  this  line  of  mountains  faun's 
likewise  a  zone  of  ancient  eruptiv.'.  rocks,  with  one  or  more  volcanoe.'S 
of  Tei-tiary,  or  possibly  even  of  Recent  date.  Wieni-ke  Island  and  the 
northern  point  of  the  coast  of  Gmham  Land  form  a  similar  chain, 
which  runs  in  a  direction  parallel  to  the  first.  As  regards  the  moun- 
tains of  Danco  Land,  they  form  more  important  massifs  of  granites, 
nietamoi-phic,  and  sedimentary  rocks,  while  farther  inland  there  are 
also  some  mas.ses  of  gneiss,  as  is  shown  by  the  erratica  derived  from 
that  part  of  the  country. 

1  am  led  to  believe  that  the  more  detailed  study  of  the  geology  of 
this  "  New  Greenland  "  of  the  first  navigator-s  will  bring  to  light  anal- 
ogies between  the  mountain  system  of  these  lands  and  that  of  the 
chains  which  form  the  southern  extremity  of  the  Andes,  and  that  we 
are  now  in  a  position  to  formulafe  and  discuss  the  theory  of  the  "  Ant- 
arctic Andes."  The  petrographic  study  of  the  rocks  which  I  brought 
l>ack  will  give  ils  some  data  to  work  from.  I  propose  to  call  this  sys- 
tem of  mountains  the  Copernicus  Iliinge,  and  in  this  way  to  intro- 
duce into  our  geogmphical  maps  the  name  of  the  immortal  Polish 
a.stronomer. 

The  glaciers  of  the  antarctic  lands  visited  J)v  the  expedition  are  very 
characteristic,  and  differ  completely  in  appearance  from  the  Aipine,or 
even  the  arctic  glaciei-s.  The  line  of  perpetual  snow  running  veiy 
close  to  the  level  of  the  sea,  and  in  places  even  at  that  level,  one  of 
the  special  featmvs  of  glaciers,  and  quite  the  mle  in  the  case  of  Alpine 
and  arctic  glaciei-s,  is  completely  absent  in  the  antarctic  glaciei^s. 
The  tenninal  portion  of  the  ice  stream— that  in  which  it  is  laid  bare 
and  melts  under  the  influence  of  solar  radiation  and  the  higher  temper- 
ature of  the  lower  regions  to  which  it  has  descended — which  we  have 
come  to  regard  as  quite  char-acteristic  of  glaciers,  is  almost  entirely 
absent.  To  their  very  extremities  they  are,  in  fat^t,  included  within 
the  region  of  accumulation  of  snow  by  atmospheric  precipitation. 
This  fact  alone  permits  the  occurrence  on  the  antarctic  lands  of  special 
types  of  glaciers,  the  mo«t  remarkable  of  which  is  that  of  ice  caps- 
The  study  of  the  Alpine  glaciers  has  led  geologists  to  di.-itinguisb  only 
the  three  forms  of  "valley  glaciers,"  "hanging"  or  "corrkghciers, 
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and  "  regenerated  glacierH."  The  idea  of  a  {jlacier  thus  preHiipposes 
the  presence  of  a  valley.  This  idea  is  a  mistaken  one,  for  it  is  quite 
possible  that  the  ice  sti'cani  may  be  wanting.  Such  i.s  the  cose  in  the 
antarctic  whenever  it  happens  that  the  collecting  ground  is  sufficiently 
near  the  coast  for  the  glacier  to  terminate  at  it«  greatest  breadth  in  an 
ice  wall.  In  the  antarctic  regions  perpetual  snow  can  exist  on  level 
ground  in  eo  low  a  latitude  as  C5^,  so  that  even  small  islands  may  bear 
a  complete  mantle  of  perpetual  snow.  On  some  small  islets  of  less 
than  a  mile  in  diameter  we  found  a  thick  accumulation  of  ice  entirely 
covering  the  inequalities  of  the  gi'ound,  and  forming  in  consequence 
convex  glaciers.  These  ice  caps  ended  seaward  in  perpendicular 
walls,  while  on  the  surface  they  took  the  form  of  huge,  perfectly  even 
sheep^s  backs. 

It  is  evident  that  this  fonn  of  glacier  will  be  found  also  on  islands  of 
lai^r  extent,  whenever  the  relief  is  sufficiently  unifonn  to  make  it 
impossible  for  a  peak  to  pierce  through  the  glacial  «ip.  As  regards 
the  thickness  of  these  caps,  it  is  plain  that  it  depends  on  the  plasticity 
of  the  ice  and  the  extent  of  ground  on  which  it  rests.  To  my  mind 
the  only  difference  which  exists  Ijetween  these  convex  glaciei-s  of  the 
antarctic  and  the  inland  ice  of  Greenland  consists  in  the  incomimrably 
greater  extent  of  the  latter,  and  in  the  fact  that  this  does  not  reach 
the  coast,  but  melts  up  into  streamlets,  and  sends  glaciers  down  toward 
the  sea  only  through  the  valleys.  Hut  it  is  [lossiblcthat  there  may  be 
a  sheet  of  inland  ice  more  extensive  than  that  of  Greenland.  We  may 
say  that  the  great  ice  cap  supposed  by  Croll "  may  quite  well  cover  the 
antarctic  continent,  since  even  small  islands  are  -seen  to  have  the  even 
and  convex  covering  of  ice  laid  down  by  Ooll  for  the  whole  southern 
continent." 

On  the  other  hand,  it  may  seem  surprising  that  the  glacial  caps  are 
not  the  sole  type  of  glacier  in  these  i-egions,  where  the  line  of  per- 
petual snow  is  found  at  sea  level."    The  reason  is  that  most  of  the 

■Climate  and  Time,  4lh  ed.  {London,  1H97),  p.  374. 

''Cf.  Arctow§ki,  "Lea  calottes  glacial  res  lies  regions  antarctiiue^,"  ComplesRendtiH 
Acad.  Sci.  Paris,  Decern  Ik- r  24,  1900. 

*The  (jueation  of  the  level  of  perpetual  snow  in  the  reffion  of  Bclgics  Strait  is  a 
very  complex  one.  Profesaror  Penek,  who  was  present  at  an  address  that  I  delivereii 
at  the  " Naturforacher-Versaniinlung"  at  Aix-la-Chapelle.  whs  tempted  to  suppose 
that  there  might  well  be  two  lines  of  perpetual  snow,  one  alxive  tlic  other,  in  that 
region,  txtw-lying  fogs  are,  in  fact,  very  frequent  there,  ami  these  proteet  the  enow 
from  the  effects  of  solar  radiation,  while,  on  the  other  hand,  the  clouds  which  most 
frequently  give  rise  to  atmospheric  precipitation  likewise  rest  very  low.  The  sum- 
mits and  upper  portions  of  the  (tanks  of  the  mountains  (1,000  feet  and  over)  are 
therefore  subject  to  a  climatic  r^ime  decidedly  different  from  that  which  prevails  at 
sea  level.  The  mean  temperature  of  the  air  is  possibly  lower,  but,  on  the  other  hand, 
the  amount  of  atmospheric  precipitation  is  less  anil  the  effect  of  radiation  greater. 
This  would  explain  the  fact  that  the  mountain  slopes  are  sometimes  bare  of  snow  at 
an  altitude  of  1,500  feet  or  even  higher.  It  follows  that  the  idea  of  two  levels  oi 
perpetna)  snow  is  quite  a  plausible  one. 
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iMkndij  are  too  high  in  proportion  U>  the  area  occupied  by  the  ba^^^e 
and  that  therefore  the  mountains  can  not  fail  to  pierce  through    tb 
coating  of  Ice.    The  antarctic  glaciers  are  not  stationary,  any  moz-i 
than  tbasc  of  other  regions,  and   though   they   remain   perpetually 
under  the  sway  of  winter,  they  still  move  on.    The  plasticity  of  fctic 
ice  prevents  its  accumulation  beyond  a  certain  limit  of  height,  and  tb<3 
mantles  of  ice  must,  even  under  extremely   rigorous  conditions   of 
weather,  be  limited  in  Uiickness,  while  all  the  forms  of  the  antarcti<; 
glaciers  must  be  tho^e  of  &  semifluid  mass.     There  are  thus  both  ice 
rivers  and  cascades,  and  also  forms  recalling  the  "  corrie  glaciers. " 
But  all  are  alike  buried  beneath  a  mantle  of  perpetual  snow,  and  hare 
ice  is  nowhere  seen.     "Inland  ice,"  properly  speaking,  docs  not  exist 
on  the  large  islands  of  the  Palmer  Archipelago.     On  the  other  band, 
on  Danco  Land  and  tri-aham  I^and,  it  is  only  the  mountains  situated 
near  the  coast  which  show  themselves,  while  the  whole  interior  of  the 
land  lying  eastward  is  completely  buried  under  the  inland  ice. 

We  must  not,  however,  imagine  that  the  antarctic  lands  are  at  the 
present  day  as  heavily  loaded  with  glaciers  as  they  might  be,  for  traces 
of  a  wider  extension,  dating  doubtless  from  the  Glacial  epoch,  are  still 
preserved.     The  presence  of  these  vestiges  of  the  Glacial  epoch  seems 
to  me  remarkable  for  various  reasons,  and  on  this  account  I  should  like 
to  bring  forwai*d  some  facts  in  aupiK)rt  of   my  assertion.     Gaston 
Islet,  our  eighth  antarctic  landing  place,  lying  a  mile  fi-om  the  coast,  is 
a  huge  roche  moutonn^c,  perfectly  polished  on  the  surface.     At  the 
time  of  our  visit  it  was  almost  entirely  bare  of  snow.     Opposite  thie 
islet,  at  Cape  Keclus,  there  rises   along  the  coast  a  large  moraine 
running  from  northeast  to  southwest.     An  examination  of  the  map  of 
the  lands  discovered  by  the  expedition  shows  that  the  direction  of  the 
moraine  is  that  of  Belgica  Strait,  and  we  are  led  to  the  conclusion  that 
the  glacier  which  produced  this  moraine  must  have  occupied  the  strait 
itself,  which  has  at  this  point  a  breadth  of  10  miles  and  a  depth  of  349 
fathoms.     Another  argument  is  supplied   by  our  seventeenth  and 
eighteenth  landings.     On  Bob  Islet,  not  far  from  Wiencke  Island,  we 
discovered  some  well-preserved  fi-agments  of  a  moraine,  fi"om  15  to  20 
feet  high,  resting  against  the  sloping  shore  at  a  height  of  80  feet  above 
the  sea.    This  moraine  has  the  same  direction  as  the  channel,  and  its 
height  decreases  gradually  toward  the  west.     On  it  were  some  huge 
blocks  of  gneiss,  perfectly  polished.     The  red  granite  is  in  the  form 
of  rounded  bowlders,  and  the  same  is  the  case  with  other  rocks,  while 
the  diorite  is  often  angular. 

On  the  other  side  of  Belgica  Strait,  exactly  opposite  the  former 
spot,  we  discovered  a  fine  moi-aine  on  Banck  Island.  Its  height  was 
05  feet,  and  its  direction  parallel  to  that  of  the  strait.  It  rested  against 
the  sloping  side  of  the  mountain,  which  here  displayed  charactei-istic 
roches  moutonn^es.    These  moi'aincs  can  only  be  explained  as  the  prod- 


IcE-CAppEO  Islands  at  South  End  of  Belgica  Sthait. 
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uct  of  an  iiiimcnsG  glacier  which  must  have  flowed  through  Bclgica 
Stmit  westward,  i.  c,  toward  the  Pacific  Ocean.  Other  proofs  of  the 
former  wide  extent  of  the  antarctic  glw^iera  arc  furnished  by  the  erratics 
collected  in  Hughes  Gulf,  at  our  third,  fifth,  and  sixth  landings,  as  also 
by  those  found  on  Antwerp  Island  at  the  fourteenth  landing  place, 
where  a  hank  of  rolled  pebbles  and  blocks  extendi  for  a  certain  distance 
from  the  shore.  Further,  in  Eri'era  Channel,  a  remarkable  moraine 
runs  transversely  across.  Lastly,  we  frequently  saw  perfectly  polished 
roches  moutonn^es,  either  along  the  shore  line  or  on  small  i^slands. 

The  discovery  of  the  former  greater  extension  of  the  antarctic  gla- 
cici-s  seems  to  me  so  important  a  fact  to  record,  that  I  could  not  refrain 
from  entering  into  these  details.  The  discovery  is  interesting  from 
various  points  of  view.  I  will  here  merely  call  attention  to  a  question 
which  seems  to  me  closely  bound  up  with  it — I  allude  to  the  climate  of 
the  Glacial  epoch.  In  fact,  this  question  aroused  a  keen  interest  in  me 
from  the  moment  when  I  noticed  the  morphologic  analogy  which  exists 
between  the  southern  extremity  of  South  America  and  this  northern 
point  of  the  antarctic  continent,  and  which  suggests  the  question, 
whether  the  more  thorough  study  of  the  climates  of  the  two  regions 
and  of  the  glaciers  might  not  permit  us  to  calculate  the  point  to  which 
the  mean  temperature  of  the  air  must  have  fallen  during  the  (jlacial 
epoch. 

This  epoch  has  left  its  mark  in  both  regions,  and  the  aspect  presented 
by  the  antarctic  lands  in  our  day  seems  to  afford  an  indication  of  the 
condition  of  the  channels  of  Tierra  del  Fuego  during  the  Glacial  epoch. 
We  are,  therefore,  justified  in  asking  whether  the  existing  climate  of 
the  antarctic  lands  in  64°  may  not  be  the  same  as  that  which  prevailed 
in  latitude  54°  during  the  ice  age.' 

I  am  confident  that  the  investigations  of  the  next  antarctic  expedi- 
tions which  may  visit  the  two  regions  will  furnish  us  with  the  key  to 
the  problem  here  indicated. 

The  icebei^s  of  the  arctic  regions  are,  in  general,  of  very  varied 
form,  and  usually  of  small  dimensions,  although  heights  of  80  meters 
(360  feet)  arc  frequently  measured,  and  it  seems  that  as  much  as  110 
meters  (3ti0  feet)  above  sea  level  may  he  attained."  The  tabular  form 
has  mrely  been  recorded  in  the  arctics,  although  the  icebergs  do  show 
it  near  the  glaciers  from  which  they  are  derived,  if  the  slope  of  the 
glacier  is  slight  and  the  berg  retains  its  original  position  of  oquilihrium 
after  detachment. 

The  antarctic,  on  the  other  hand,  is  the  region  of  immense  tabular 
icebergs.  In  the  southern  seas  berga  several  kilometers  in  length, 
and  rising  to  a  height  of  60  meters  {200  feet),  have  been  frequently 
met  with. 
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Ill  tbe  peas  navi^ted  by  tho  Behjmi  we  have  seen  as  many  as  110 
icebergs  at  once,  distributed  all  around  the  horizon.  Forty  per  tent  of 
these  would  be  of  tbe  characteristic  tabular  form,  while  the  remainder 
resembled  arctic  I>erg8,  or  some  form  derived  from  the  tabular.  Lai^e 
icebergs  were  rare;  heights  of  50  meters  (164  feet)  were  quite  excep- 
tional, and  the  tabular  bergs  averaged  only  30  to  40  meters  (flS  to  131 
feet).  The  tubular  icebergs  are  covered  over  with  nev^,  and  only  show 
the  alternate  blue  and  white  bands  at  the  l>ase.  I  only  once  had  an 
opportunity  of  examining  this  stratification,  in  an  iceberg  which  was 
inclosed  in  the  pack  and  displaced  so  that  tbe  strata  dipped  at  a  con- 
siderable angle.  Both  the  blue  and  white  bands  were  formed  of  fflacier 
ice  with  the  characteristic  grained  structure;  the  strata  were  not 
sharply  separated  from  one  another,  the  only  difference  between  blue 
and  white  being  that  the  ice  in  the  latter  was  more  porous,  inclosing  a 
large  number  of  air  bubbles;  the  ice  in  both  was  compact. 

The  supposition  that  tabular  bergs  are  formed  of  sea  ice  is  entirely 
wrong.  The  mode  of  formation  of  the  sea  ice  shows  that  its  thickness 
constantly  tends  to  a  limit,  supposed  by  Weypretht"  to  be  7  meters 
(23  feet)  at  a  maximum,  however  low  the  mean  winter  temperature 
and  however  great  the  number  of  years.  1  think  Wcyprecht's  limit 
is  too  great  for  the  antarctic  regions.  In  any  case  the  continental 
origin  of  the  antarctic  icebergs  is  indisputable,  for  the  bed  of  the 
Antarctic  Ocean  is  covered  with  terrigenous  deposits  and  erratic 
blocks  laid  down  by  the  melting  of  the  ice,  and  these  materials  are 
transported  to  great  distances  from  the  glaciers  from  which  they  are 
derived. 

Our  soundings'*  and  those  of  Boss  have  shown  that  the  continental 
inland  ice  does  not  extend  (on  the  continental  shelf)  be3'ond  the  isobath 
of  400  meters  (1,313  feet),  and  this  may  be  taken  as  the  maximum  total 
thickness  of  the  icebergs  coming  from  the  pole  in  the  whole  antarctic 
area  of  the  Pacific.  If  one-eighth  of  the  tabular  icebergs  appear 
above  tbe  surface,  wc  go  50  meters  (164  feet)  as  the  limiting  height 
of  tbe  bergs  detached  from  the  great  ice  barrier  known  to  extend  from 
Victoria  Land  to  longitude  170°  W.,  and  which  doubtless  continues 
eastward  to  the  land  to  south  and  west  of  Alexander  Land. 

As  soon  as  the  Belgica  entered  the  Pacific  Ocean,  the  surveys  of 
the  strait  discovered  being  completed,  and  the  season  already  well 
advanced,  de  Gerlaehe  did  not  wish  to  lose  time,  and  set  his  course  to 
tbe  southwest  in  order  to  cross  the  pack  which  we  entered  in  longitude 
80°  W.     Several  attempts  to  penetrate  the  pack  failed. 

In  longitude  85°,  however,  the  edge  of  the  pack  was  more  to  the 
south,  and  on  February  27  we  reached  latitude  70^  S.  without  difficulty, 
the  ice  being  navigable,  and,  aided  by  a  gale,  we  made  rapid  progress 

■K.  Weypret'ht,  I)ie  Metamorphoscn  dos  PoIareiHps,  p.  13fl. 
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for  twenty-four  hour;^:  hut  the  Bdijica  became  altogether  immoval tie  in 
latitude  71°  Sff  S,  on  March  %  181*8.  This  latitude  was  never  exceeded 
later  by  more  than  a  few  luinutes. 

No  serious  attempt  was  made  to  e^o-ape  from  our  imprisonment. 
Wintering  in  the  antarctic  regions  wr»  part  of  the  prc^ramme  of  the 
expedition,  and  it  was  just  as  well  to  do  so  where  we  were  in  the  mov- 
ing pack  as  to  force  a  way  out  and  return  to  a  land  station.  Besides, 
in  the  explored  land  regions  we  had  only  seen  one  place  where  winter- 
ing was  practicable — at  the  twelfth  landing  in  Lemaire  Channel. 

Lecointe  made  frequent  astronomical  determinations  of  position  and 
deduced  therefrom  the  direction  of  drift.  Sometimes  we  moved  north- 
ward with  southerly  or  southwestly  winds;  this  we  heard  with  joy. 
But  with  change  of  wind  we  would  again  go  toward  the  pole  or  east- 
ward or  westward,  and  so  we  wandered  from  place  to  place,  sometimes 
back  in  our  old  position,  sometimes  far  to  the  westwaixl.  Apparently 
we  remained  immobile,  for  everything  around  us  followed  the  same 
coui-sc;  we  always  took  our  dreary  scenery  with  us. 

The  drift  of  the  Belgicn  with  the  ice  is  the  longest  expei'ienccd  by 
any  vea.sel;  the  chart  shows  that  the  movement  of  the  pack  was  guided 
by  an  obstacle  to  the  east  and  south  of  us,  and  the  existence  of  land  in 
those  directions  is  further  indicated  by  our  soundings.  Depths  dimin- 
ished Ui  the  south  and  east,  and  my  bathymetrical  chart'  shows  that 
during  nearly  all  the  time  we  weiT.  on  a  continental  plateau.  The  pack 
in  which  we  were  may  be  legarded  as  a  coastal  pack,  no  doubt  of  great 
extent,  but  diffeient  in  every  respect  (especially  with  regard  to  its 
movements)  from  the  pack  of  northern  polar  i-egions.  It  is  possible 
that  in  some  years  the  pack  becomes  detached  like  that  in  the  Ross 
Sea,  but  the  observations  of  Cook  and  Bellingshausen,  as  well  as  our 
own,  ill  1S98  and  1899,  indicate  that  this  must  be  exceptional.  1  am 
of  opinion  that  the  great  Graham  Land  peninsula  forms  an  anticyclonic 
region,  so  that,  far  from  driving  the  ice  toward  the  ocean,  the  pre- 
vailing northeasterly  winds  of  the  summer  monthrs  send  it  southward; 
Imt  in  the  Ross  and  Weddell  seas  the  same  anticyclonic  winds  pro- 
duce the  opposite  effect,  becaii.'^e,  »as  they  come  from  the  southeast, 
they  are  diverted  toward  the  north,  Victoria  Land  being,  in  all  like- 
lihood, equally  a  i-egion  of  high  pressure.  The  forthcoming  English 
expedition  should  decide  this  question. 

The  seals  and  penguins  were  our  very  good  comrades  from  the  begin- 
ning; they  took  the  greatest  intei'cst  in  all  our  affairs.  The  penguins, 
particularly  the  small  ones  (Pygoscelis  AdeliK),  seemed  to  us  remark- 
ably intelligent,  and  we  took  great  interest  in  watching  them.  They 
had  an  almost  human  appearance  when  walking  across  the  snow,  and, 
indeed,  they  had  many  human  attributes,  especially  in  their  social 
customs. 

•Publisheil  in  the  Geographical  Journal,  February,  1901.     (^~"c)oo|(' 
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On  May  17  we  saw  the  aun  for  the  last  time.  In  the  antarctic  regioos, 
thanks  doubtless  to  the  detestable  climate,  the  disastrous  effects  of  the 
polar  night  are  far  more  marked  than  in  the  north.  There  ii«  a  gen- 
eral lowering  of  the  system,  and  the  heart  acts  feebly.  Several  of  us 
developed  serious  symptoms,  and  without  daily  care  on  the  part  of  the 
doctor  others  would  not  have  surrived  the  i>eriod  of  darkness,  though 
it  was  relatively  short  One  part  of  Cook's  treatment  was  very  effect- 
ive and  ingenious.  Those  who  were  most  affected  by  deficient  circu- 
lation were  made  to  stand  in  a  half -naked  eondition  close  to  the  red-hot 
stove  for  several  hours  daily.  In  this  way  the  action  of  the  solar 
radiation  was  in  part  replaced  by  rays  of  artificial  heat — ^in  a  manner 
admittedly  primitive — but  none  the  less  beneficial. 

The  sun  reappeared  on  July  23.  With  its  return  our  torpor  disap- 
peared and  gave  place  to  general  activity.  Lecointe,  Cook,  and 
Amundsen  even  risked  a  long  expedition,  taking  with  them  provisions 
for  fifteen  days,  a  fur  sleeping  b^  for  three,  and  a  tent.  They  stayed 
out  for  a  week,  l)ut  did  not  make  much  progress,  for  after  a  strong 
breeze  several  channels  formed  in  the  ice  tield,  and  they  had  the  great- 
est difficulty  ill  refining  the  ship  in  safety.  We  had  no  kayaks,  and 
the  pi-actical  result  of  this  little  expedition  was  to  show  that  without 
them  all  attempts  to  traverse  long  distances  on  the  pat^k  must  be  futile. 

It  was  also  made  evident  that  it  is  impossible  to  go  far  from  the  floe 
on  which  an  expedition  is  encamped  without  running  grave  risks  of 
being  una)>le  to  find  a  way  hack.  For  this  reason  I  do  not  appreciate 
the  opinion  of  a  German  critic,  who  has  expressed  surprise  that  tre 
did  not  try  to  attain  a  high  latitude  on  the  pairk  by  following  a  direct 
route  to  the  pole.  The  great  problem  is  to  find  the  position  of  the 
ship  when  it  is  time  to  return  to  it.  If  we  had  left  the  Belgica  on 
August  10,  in  latitude  TU"^  50'  south,  longitude  86°  30'  west,  we  ahould 
have  had  to  find  her  again  one  month  later,  on  Sept«mber  10,  in  lati- 
tude tilH  50'  south,  longitude  82^  40*  west,  and  I  greatly  doubt  if  my 
German  critic,  even  with  the  most  favorable  hypotheses,  could  have 
accomplished  this  tour  de  force. 

The  characteristic  feature  of  the  southern  pack  is  the  thick  layer  of 
enow  which  lies  on  it  all  the  year  round.  Except  for  the  young  ice, 
which  forms  in  the  open  channels,  is  broken  up  by  every  movement 
causi-d  by  the  wind,  and  often  presents  a  bare,  glassy  surface,  the  floes 
reseiulile  an  immense  plain  covered  by  a  thick  mantle  of  snow.  The 
weight  of  this  snow  is  so  great  that  the  ice  is  often  depressed  )>elow 
the  water  level,  and  the  ba.se  of  the  snow  is  transformed  into  blue, 
granular,  compact  ice,  very  different  in  its  physical  properties  (com- 
position, structure,  etc.)  from  the  ordinary  ice  produced  by  the  freez- 
ing of  sea  water.  The  fallen  snow  is  changed  into  nev£  under  the 
influence  of  solar  radiation  and  frequent  changes  of  air  temperature. 
In  nonnal  circum.stances  the  tield  ice  may  be  taken  as  about  2  meters 
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(61  feet),  or,  in  the  case  of  ice  several  years  old,  not  more  than  3  to  4 
meters  (10  to  13  feet)  in  thickness.  The  freezing  action  clearly  tends 
to  s  limit  which  can  not  be  surpassed,  however  low  the  temperature. 
This  is  the  invariable  result  of  measurements  to  the  ai-ctic  regions,  and 
it  is  entirely  auppoi-ted  by  our  measurement-^  during  our  wintering  in 
the  antarctic. 

The  greatest  cold  we  experienced  occurred  in  September;  on  the  8th 
the  thermometer  sank  to  —4.?^  C.  {—45.4"  F.),  an  extreme  temperature 
when  one  considers  that  we  were  very  far  from  land,  and  only  in  71°  south 
latitude.  We  took  advantage  of  the  sunshine  when  it  came,  following 
the  example  of  the  seals,  who  lay  motionless  on  the  ioe  for  hours  together 
enjoying  sun  baths.  When  there  was  no  wind  we  felt  warm  at  a  tem- 
perature of  —16°  C.  (5°  F.),  and  even  25=  C.  (— 13*^  R),  which  is  easy 
to  understand,  as  evidently 
the  temperature  of  the  air 
did  not  indicate  all  the  heat 
we  felt,  and  we  had  only  to 
go  into  the  shadow  to  feel 
the  difference. 

In  the  antarctic  there  are 
strong  equinoctial  storms, 
which  follow  close  upon  one 
another.  The  storms  which 
preceded  the  cNtablishment 
of  the  Hummer  regime  were 
accompanied  by  tremendous 
snowdrifts,  and  as  the  Bd- 
glva  presented  an  obstacle  to 
these,  large  quantities  of 
snow  accumulated,  and  at 
length  almost  buried  her.  It  became  ncce.ssary  to  extricate  her,  and 
the  work  had  to  be  done  quickly,  as  she  threatened  to  sink  gradually, 
dragged  down  by  the  inclosing  ice. 

Until  Decemlrer  we  had  every  confidence  that  the  sun  would  melt 
the  ice  and  break  up  the  floes  to  such  an  extent  that  wc  could  make 
our  escape  easily.  But  when  December  had  passed,  and  the  sun  made 
his  daily  tour  of  the  horizon  without  melting  anything,  we  felt  our- 
selves deceived;  there  we  remained,  at  the  mercy  of  fate,  helpless  in 
the  middle  of  an  ice  field  several  miles  in  circumference.  We  attacked 
our  floe  with  the  explosives  with  which  the  ex)*edition  was  provided, 
but  ■with  no  effect.  A  careful  examination  of  our  floe  fortunately 
revealed  an  old  fracture,  close  astern  of  the  ship,  on  which  the  ice  was 
only  from  li  to  2  meters  (4.9  to  6.6  feet)  in  thickness.  Along  this  we 
cut  a  channel  700  meters  (2,2',I7  feet)  long,  and  wide  enough  to  allow 
the  passage  of  the  ship.     The  task  was  long  and  arduous,  but  as  it  was|  ^ 
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a  matter  of  life  or  death  to  us  the  work  went  on  cheerily,  day  and 
night,  for  a  whole  month.  Ab  we  bad  only  three  saws  we  could  not 
all  work  together,  no  wc  divided  into  two  parties,  one  working  by  day, 
the  other  hy  night.  The  method  we  employed  was  very  .simpln. 
Starting  from  the  edge  of  our  floe,  A  <J,  two  lines,  A  B  and  C  D,  were 
cut,  then  E  F,  and  the  triangle  A  E  F  was  detached  and  pushed  out  of 
the  way.  Next  the  line  G  H  was  cut  and  the  quadrilateral  E  C  H  G 
removed;  then  E  K,  and  another  polygon  was  free.  Thus  we  got  rid 
of  the  ice  piece  by  piece,  and  as  each  slab  had  to  be  pushed  out  the 
channel  already  cut  was  open. 

The  work  was  almost  completed  when  a  storm  came  upon  us.  The 
Belgica  was  nipped  between  two  large  floes,  and  as  the  swell  from  the 
ocean  reached  us  from  outside,  these  crushed  and  left  the  vessel  alter- 
nately with  every  wave.  We  had  three  <lays  of  anguish,  but  at  last 
the  aea  went  down,  and  after  some  more  labor,  aided  by  a  free  use  of 
our  tonite,  the  Belgica  was  finally  delivered  on  February  14,  181)9. 

We  made  rapid  progress  northward  for  a  whole  day;  but  then,  on  the 
edge  of  the  j>ack.  our  way  was  completely  barred  by  a  number  of  small 
floes  packed  close  together,  A  long  month's  waiting  followed,  tossed 
about  all  the  time  by  the  ocean  swell,  before  we  got  a  chance  to  escape 
to  the  open  sea,  toward  which  the  water  .sky  to  the  northwai-d  had  all 
the  time  been  showing  us  the  way. 

The  Belgica  left  the  pack  on  Mai-ch  14,  and  on  the  28th  we  were 
back  in  Punta  Arenas. 
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The  only  absolute  power  on  eurth  in  the  wea.  The  bosom  of  the 
deep  brought  forth  land  itself,  whose  insular  fragments  only  here  and 
there  break  the  continuity  of  the  all-embracing  ocean.  The  sea  alone 
constitutes  a  whole  iKstwcen  the  atmospheric  envelope  and  the  mineral 
crust  of  the  earth, and  essentially  the  earth  is  still  a  planet  surrounded 
by  the  ocean.  Again,  organic  life  in  its  mysterious  origins  must  I)e 
explained  as  a  pregnant  result  produced  by  the  sea  and  its  movementji, 
at  the  period  in  which  there  was  no  land,  and  a  single  unbroken  ocean 
inclosed  the  terrestrial  sphere  as  a  shell,  similar  to  the  atmospheric 
envelope  in  turn  inclosing  the  ocean.  And  if,  indeed,  evolution  of 
life  on  earth  follows  a  uniform  phin.  then  even  vegetable  and  animal 
forms  on  land,  including  man  himself,  are  descended  from  marine 
an(«stors. 

However,  in  the  course  of  teons,  land  animals  adapted  themselves 
to  <-(>nditions  outside  the  ocean,  and  so  a  vast  chasm  gradually  arose 
between  creatures  of  the  land  and  of  the  sea.  Rivers  and  lakes,  by 
their  nature  elements  of  tbe  land  related  to  the  ocean,  do,  indeed,  in 
exceptional  instances  blur  the  sharp  boundaries  confining  the  fauna 
world  of  the  sea.  Some  fish,  like  the  eel  and  the  salmon,  live  in  either 
salt  or  fresh  water,  and  some  se^-tish  gi'adually  aectistom  themselves 
to  the  water  at  the  mouths  of  rivers,  whi<;h  is  less  salt  than  that  of  the 
open  sea,  and,  finally,  their  descendants,  swimming  upstream,  remain 
in  fresh  water  i»ermanently.  The  little  co?lentera,  for  instance,  in 
recent  years  ptissed  fi-oin  the  North  Sea,  through  the  brackish  waters 
at  the  mouth  of  the  Elbe,  into  the  Elbe  and  Saale,  and  even  reached 
the  frosh-wator  lake  at  Eisloben.  Seals  bear  on  land;  sea-birds  with 
great  powers  of  flight,  like  the  frigate-bird  and  the  albatross,  ply  their 
mighty  wings  over  the  sea  thoasands  of  kilometers  away  from  the 
coa.st,  for  days  at  a  time.  Nevertheless,  in  the  dispei-sion  of  living 
creatures  the  coast  remains  the  shjir pest  dividing  line,  and  it  is  obvious 
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thatmRti,  whose  entire  orgaiiizBtion  pointe  to  the  fact  that  hi»  ancestors 
in  the  Tertiary  age  were  fruit-«ating  inmateu  of  the  woods,  from  the 
beginning  lived  exclusively  on  land.  The  coast  line  of  the  Eastern 
Continent  may  be  considered  the  uttermost  limit  of  the  original  home 
of  primitive  man. 

Man  could  have  been  only  affrighted  by  the  sea  when  it  first  con- 
fronted him  in  all  its  inbospitality,  with  its  sudden  dangers  threatening 
his  fost«ring  mother  earth  through  high-to8sing  breakers,  ftooding 
tides,  and  fearful  storms.  In  the  face  of  this  far-superior  enemy, 
attacking  him  with  elemental  power,  unprotected  man  in  the  first  place 
felt  himself  forced  into  an  attitude  of  defense,  especially  along  flat 
coasts,  where  the  rise  and  fall  of  the  surface  of  the  sea,  corresponding 
to  the  incoming  and  outgoing  tides,  produced  the  floods  that  swept  up 
far  beyond  the  low  land  of  the  coast.  Pliny  has  given  a  dramatic 
picture  of  a  struggle  with  the  ocean  such  as  must  have  taken  place  in 
prehistoric  times.  He  tells  of  the  North  Sea  at  the  time  of  the  Roman 
Empiie,  when  the  German  coast  was  still  unprotected  by  dikes.  Every 
day,  he  says,  the  flood  tide  submerged  the  land  of  the  Chauci,  a  German 
tribe.  The  people,  who  took  refuge  in  their  huts,  resembled  seafarers, 
and  the  setting  in  of  the  ebb  tide  lured  them  out,  like  castaways,  to 
catch  fish  in  the  receding  waters,  or  to  pick  up  turf  washed  upon  the 
damp  clay  ground  by  the  flood.  This  example  does  not  pi-esent  the 
most  elementary  aspects  of  man's  struggle  for  existence  with  the  sea, 
for  the  means  used  were  in  a  measure  perfected.  The  Chauci  had 
advanced  so  far  as  to  pi'ovide  a  secure  foundation  for  their  huts  by 
throwing  up  moimds,  Wur(e>i,  such  as  are  still  used  by  the  inhabitants 
of  the  Halligen,  mai^shy  islands  off  the  we.st  coast  of  Sle-swick,  which, 
on  account  of  their  small  size,  are  not  provided  with  dikes.  It  needed 
only  the  "golden  circlet"  of  the  dikes  along  the  coast  to  secure  per- 
manently to  the  German  mainland  the  belt  of  land  once  the  playground 
of  the  shifting  tides  as  a  heavy  marsh  land  rich  in  pastures  and  wheat 
fields.  We  know  from  history  what  a  blessing  this  triumph  has  been 
to  the  inhabitants  of  the  Gennan  and  Netherlands  coast  since  the 
Frisian  tossed  up  his  last  spadeful  of  earth,  calling  out  proudly  to  the 
sea,  the  hlrniX-nn  Haim  (gleaming  Hans),  now  held  within  strong  bonds, 
Tnitz  null;  blank  Haiis  (Do  your  worst  now,  gleaming  Hans !).  Since 
then  the  boast  has  l»een  true:  Dens  vmre,  Batavux  Uti^ra  fecit.  The 
success  achieved  over  the  opponent  hitherto  all  powerful  only  con- 
finned  the  people  in  their  pride  of  freedoui.  The  construction  of  the 
dikes  had  i-equired  energetic,  self-sacrificing  effort  of  many  working 
for  a  common  end,  and  the  more  unremitting  the  necessity  for  united 
labor  in  oi-der  to  preserve  them,  the  hai-dicr  the  growth  of  the  com- 
munal spirit  behind  this  fortification  against  the  tyrant  Okeanos,  that 
spirit  which  restrains  self-seeking  individualism  and  makes  for  civil 
order.     Thousands  of  years  before,  a  similar  result  had  been  effected 
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by  the  construction  of  dams  and  canab  on  the  lower  Hoangho,  in 
I^bylonia,  and  on  the  Egyptian  Nile. 

Incomparably  more  important,  however,  seems  that  decisive  act  of 
prehistoric  man,  when,  conquering  his  terror  of  the  unknown,  he 
boldly  trusted  himself  to  tbe  hostile  element,  and  fared  over  the 
surging  limitless  waters  on  n  fragile  mft,  or  in  a  rude  dugout,  or  in 
a  boat  of  roughly  joined  planks.  This  progressive  act,  containing 
the  germ  of  man's  dominion  over  the  earth,  may  have  been  independ- 
ently executed  on  more  than  one  occasion,  when  the  various  hordes, 
strangers  to  one  another,  into  which  our  I'ace  had  long  been  split  by 
extended  wanderings,  arrived  at  the  shores  of  the  ocean.  Where 
streams  empty  into  the  ocean,  the  attempt  to  reach  the  high  seas 
might  l)e  made  in  river  boats.  Elsewhere,  the  impulse  to  move  upon 
tbe  sea  for  a  longer  time  than  swimming  permits  led  directly  to  the 
art  of  building  and  guiding  ships,  the  art  which,  in  its  wonderful  state 
of  development,  enables  man,  alone  among  ail  creatures,  to  overstep 
the  limits  of  the  coast  line  on  all  sides  and  reach  the  most  distant 
points. 

But  what  could  possibly  have  impelled  man  to  this  reckless  venture 
on  the  ocean  i  Hunger,  that  stern  and  omnipotent  educator  of  man- 
kind, was  probably  a  frequent  motive,  as  may  be  surmised  from  the 
custom  of  the  Chauci  to  hunt  for  hsh  in  the  ebb  tide.  Again,  In  flight 
before  a  superior  hostile  tribe,  fear  may  often  have  made  man  invent- 
ive, and  led  him  to  prefer  the  deceptive  sea  as  a  temporary  refuge  to 
tbe  Hure  fate  at  tbe  hands  of  the  enemy.  If  a  tri)>e  took  up  its  per- 
manent abode  at  the  seacoast,  two  causes  may  have  operated  to  educate 
man  to  gradualconfidence  in  the  once  dreaded  element:  First,  the  value 
of  the  animals  abounding  in  the  watei-s  along  the  coast;  second,  the 
allurements  of  an  opposite  shore.  These  causes  may  have  operated 
separately  or  together.  The  lack  of  food  stuffs  in  the  polar  lands 
would  never  have  tempted  the  Eskimos  to  push  beyond  the  eightieth 
degree  of  latitude.  This  was  effected  by  the  promise  of  food  held  out 
by  the  teeming  animal  life  of  the  Arctic  Sea;  in  fact,  it  was  the  capture 
of  seals  that  led  these  stout-hearted  inhabitants  of  polar  lands  to  cross 
the  icy  American  straits,  and  penetrate  to  the  most  northern  point  ever 
inhabited  by  man,  making  of  them  such  unexcelled  masters  in  the 
handling  of  kayaks  that  a  skillful,  hardy  Eskimo  can  paddle  his  lioat 
from  Kiigen  to  Copenhagen  in  one  day.  The  colonization  of  the  Hel- 
lenes progressed  from  the  .^gean  Sea,  along  the  shores  of  the  Black 
Sea,  toward  the  course  taken  by  the  tunny  in  its  wanderings,  just  as  the 
colonization  of  their  nautical  masters,  the  Phcenicians,  extended  to 
various  places  on  the  shores  of  the  Meditermnean,  influenced  by  the 
pi-esence  of  the  shellfish  from  which  they  got  their  puiple  dye.  In 
districts  where  the  mterior  is  forbidding  (which  is  the  case  not  only  in 
tbe  polar  regions)  through  the  bareness  of  sheer  rock,  the  bleakness 
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of  moorlands,  and  overgrown  forests,  and  where  the  8ea,  on  the  other 
hand,  with  its  fish,  mollusks,  and  crabs,  presents  an  inviting  bill  of 
fare,  we  find  people  who,  like  sea  birds,  live  almost  exclusively  on  sea 
food  and  use  the  land  only  as  their  dwelling  pWe.  Such  are  the  Terra 
del  Fuegans,  who  live  at  the  extreme  southern  end  of  the  inhabited 
earth,  and  the  Tlinkit  Indians,  along  the  southeastern  coast  of  Alaska, 
which  is  indented  with  iiords  like  the  coast  of  Norway,  and  cut  up  into 
islands.  The  latter  have  become  so  accustomed  to  their  slender,  well- 
built  boats  that  they  use  their  feet  unwillingly  and  awkwardly.  Sim- 
ilarly, in  Europe,  the  Danes  have  developed  into  an  essentially  coast- 
inhabiting,  seafaring  people,  since  a  portion  of  them,  under  the 
appropriate  name  of  Vikings  (people  of  the  fiords),  established  settle- 
ments between  a  sea  teeming  with  fish  and  the  bare  fields  of  the  inland. 
The  history  of  the  Normans  unfolds  an  impressive  picture,  showing 
how  readily  the  bold  seaman  turns  sea  robber.  The  Normans,  their 
venturesome  spirits  lured  by  the  wide  freedom  of  the  sea,  soon  trans- 
ferred their  predatory  expeditions  from  the  home  soil  to  foreign  lands. 
Thej'  sailed  up  the  streams  of  eastern  England,  up  the  Seine  and  the 
Elbe;  the}'  harried  Cologne  on  the  Rhine,  and  they  entered  Sicily  as 
conquerors.  Of  the  sea  the  same  may  be  said  as  of  the  desert,  that 
rich  booty  entices  the  foolhardy  to  brigandage,  especially  when 
acquaintance  with  the  lay  of  the  land  and  a  sure  hiding  place  promises 
successful  lupe.  The  Dalmatian  coast,  with  its  concealed  coves  and 
narrow  inlets,  presents  a  numl>er  of  such  sally  poi'ts  and  loopholes  for 
escape  along  one  whole  side  of  Adriatic  ship  routes.  For  this  reason 
it  was  a  constant  seat  of  piracy,  even  in  ancient  times,  and  when  Rome 
sent  a  messenger  to  the  Illyrian  queen  Teuta  to  demand  the  ces^tion 
of  buccaneering,  her  proud  answer,  that  it  did  not  concern  Rome,  that 
it  was  the  custom  of  her  people,  had  a  certain  geographical  justifica- 
tion. Opportunity  not  only  makes  thieves,  but  rears  a  nation  of 
robbers. 

Recently  doubt  has  been  expressed,  rather  hy pe re ri tit-ally,  of  (he 
value  of  sinuses  and  islands  as  a  nautical  impulse  to  the  inhabitants 
of  coast  lands.  Beyond  the  even  coast  line  of  the  Australian  and  the 
African  mainland,  unfringed  with  islands,  the  inhabitants  have  lived 
fi'om  the  earliest  days  devoid  of  all  connection  with  the  sea.  Yet  no 
one  would  venture  to  say  that  the  negro  shows  no  aptitude  for  the  sea- 
faring life.  On  board  our  vessels  many  a  black  Afritran  has  done 
valiant  service  as  sailor.  In  fact,  the  whole  race  of  Kru  negroes,  on 
the  seaboard  near  Cape  Palmas,  have  won  world-wide  fame  as  the  best 
sailors  employed  in  the  West  African  merchant  service,  though,  it 
mu»t  be  confessed,  that  this  is  true  only  since  passing  European  ves- 
sels have  hired  the  "Kru  boys"  for  the  work.  However,  it  seems 
significant  that  the  one  tribe  of  negroes  that  pursue  navigation  of  their 
own  impulse,  the  Papel  negroes  of  Portuguese  West  Africa,  south  of 
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Senegambia,  should  have  developed  pi-ecisel;  at  the  conduit-like 
mouth  of  the  Rio  de  Geba,  oppoi^ite  to  wbieb  lies  the  Bissagas  Ari-bi- 
pelago.  Along  those  coasts  of  South  Amem-a  that  are  almost  entirelj 
bereft  of  islands  and  peninsulas  the  European  discoverers  encountered 
nothing  more  advanced  than  rafts,  with  the  exception  of  the  hark 
canoes  of  the  Terra  del  Fuegans.  On  the  other  hand,  near  the  mouth 
of  the  Orinoio,  at  the  point  where  the  West  indies  start  out  from  the 
mainland,  the  Oaribw  were  using  seaworthy  vessels,  steered  with  a 
helm  and  catching  the  wind  in  cotton  sails.  They  were  dreaded  pirates, 
and  had  begun  the  conquest  of  the  Antilles.  Again,  on  the  west  side 
of  North  America  the  coast  assumes  a  fiord-like  chaiucter  at  the  strait 
of  Juan  (le  Fuca,  pi-ecisely  the  point  at  which  the  Indian  tribes  igno- 
rant of  seacraft  meet  with  those  possessing  a  high  degree  of  marine 
attainments.  In  Asia  and  Europe  alike  the  acme  of  nautical  develop- 
ment displays  itself  on  the  most  indented  edges  of  the  continents. 
Among  the  Asiatic  seafaring  peoples  from  Arabia  to  Japan  superiority 
was  achie\'ed  early  by  those  inhabiting  the  vastest  of  tropical  archi- 
pelagos, which  occupies  the  middle  position  in  this  chain  of  countries. 
Here,  among  the  Malays,  the  origin  of  an  excellent  art  of  shipbuild- 
ing mast  he  sought,  as  well  a'*  the  starting  point  of  the  enormous 
dispersion  of  the  Malay  race  over  the  crowded  islands  of  the  South 
Sea.  liong  before  the  Christian  era  the  migration  of  the  Malays, 
slowly  consummated,  bad  carried  to  all  parts  of  the  lai^est  of  the 
oceans  one  and  the  sauie  type  of  rowboat — slender,  sharp  keeled,  often 
provided  with  Irawspnts  as  a  safeguard  against  capsizing,  and  its  speed 
increased  by  matting  sails— a  type  which  throughout  the  whole  region 
has  crowded  out  the  awkward,  bari-el-fomi  dugout.  In  such  surround- 
ings developed  the  Polynesian  variety  of  the  brawn  race,  of  all 
branches  of  the  human  kind  the  one  most  intimately  and  most  vari- 
ously connected  with  the  ocean  in  material  and  in  spiritual  life,  even 
as  pictured  in  poetry  and  myth.  These  people  upon  their  tiny  coral 
islands,  always  breathing  the  I>almy  sea  air,  lead  an  amphibious  life, 
almost  as  upon  ships  liding  at  anchor  on  the  high  seas.  They  learn 
to  swim  earlier  than  to  walk;  as  infants  they  are  carried  upon  the 
arms  of  their  mothers  through  the  frothy  breakers.  Examining  the 
southwestern  part  of  Asia,  the  Indian  and  Arabian  peninsulas,  we 
realize  that  the  never-ceasing  alternation  of  the  monsoons  has  been 
the  generous  promoter  of  traffic  on  the  Indian  Ocean.  During  the 
winter  season  of  the  northern  hemisphere,  the  monsoon  steadily  drove 
the  vessels  to  the  ea.st  coast  of  Africa,  and  in  the  summer  the  same 
force  carried  them  easily  homeward  to  the  Indian  or  Arabian  ports. 
In  these  regions,  then,  earlier  than  elsewhere,  a  profitable  inter- 
course was  established  across  a  vast  o<;can  Iwtween  two  continents 
and  widely  different  races.  Thus  it  came  about  that  the  Indian  bride 
was  adorned  with  bracelets  of  African  ivory,  and  the  Indian  art  of 
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rice-growing  was  transported  by  slave  dealers  as  far  as  the  Kongo. 
Thus  originated  the  Ki-suahili  dialect,  the  lang>iage  of  the  Bantu 
negroes  intermixed  with  Arabic  elements,  and  the  commerce,  brisk 
to  this  very  day,  between  German  East  Africa  and  Bombay.  And 
thus  it  is  explained  why  Indian  capitalists  of  large  means  have 
never  ceased  to  live  on  the  coast  under  German  protection.  Finally, 
what  a  brilliant  series  of  nautii'al  achievements  in  the  course  of 
ages  is  summoned  before  our  mind^s  eye  when  we  recall  Greece, 
Italy,  the  Iberian  Peninsula,  and  the  Atlantic  coast  lands  of  Europe. 
Navigation  on  the  Mediterranean  was  of  earlier  date,  but  navigation 
on  the  Atlantic  attained  to  a  higher  stage  of  development  in  antiquity, 
because  it  was  infinitely  more  dangerous  to  wrestle  with  the  oceao 
than  with  the  sea.  Greek  or  Roman  merchant  vessels  could  not  pre- 
sume to  enter  the  lists  with  the  stout  vessels  of  the  Veneti,  a  Celtic 
tribe  occupying  what  is  now  Brittany.  They  wei-o  built  of  solid  oak 
planks,  their  anchor  chains  were  of  iron,  and  their  sails  were  of 
leather.  The  journeys  between  Norway  and  Greenland,  accomplished 
for  centuries  by  the  Normans  in  their  great  i-owboats,  their  black- 
tan-ed  "sea  hoi-ses,"  were  more  valiant  achievements  than  the  passage 
of  the  Columbus  caravels  across  the  quieter  southern  ocean,  with  a 
compass  as  guide.  The  latter,  to  be  sure,  was  fraught,  historically 
considered,  with  more  important  results.  But  it  was  reserved  for 
modern  times  and  for  the  four  countries  of  central  location — France, 
the  Netherlands,  England,  and  Germany — to  derive  greatest  benefits, 
in  the  dire<'tion  of  world-conmicrce  and  the  establishment  of  colonies, 
from  their  favorable  position  on  the  shores  of  the  most  frequented  of 
the  oceans.  To  bring  about  this  unprecedented  rise  of  seatnanship,  it 
was  necessary  that  America  should  first  be  revealed  to  the  eyes  of 
Europe  as  a  stimulating  goal.  In  the  New  World,  again,  the  greatest 
attainments  in  modern  naval  architecture  and  sea  traffic  were  reached 
in  those  parts  in  which  endless  forests  supplied  shipbuilders  with  valu- 
able wood,  and  especially  in  tho.se  parts  in  which  the  indented  coast 
line  offered  bays,  inlets,  sheltering  ports  at  the  mouths  of  rivei-s,  and 
streams  navigable  many  miles  inward  for  moderate-sized  vessels;  that 
is  to  say,  in  Canada  and  the  northeastern  part  of  the  United  States — 
another  evidence  that  a  causal  relation  exists  between  the  natural 
opportunities  granted  by  coast  lands  and  the  nautical  activities  of  their 
inhabitants. 

To  invest  this  relation  with  the  compelling  force  of  a  natural  law 
were  inane,  pscudogeographic  fanaticism.  Man  is  not  an  automaton, 
without  a  will  of  his  own.  The  suggestions  thrown  out  by  the  nature 
of  his  birthplace  sometimes  tind  him  a  docile,  sometimes  an  indifferent 
pupil.  What  is  now  the  world-harbor  of  New  York  once  served  the 
Indians  as  nothing  but  a  hunting  place  for  edible  mollusks.  On  the 
same  rock-bound  coast  that  educated  the  Norwegians  into  intrepid 
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sailors,  tbe  Lapps  are  at  present  eking  out  a  paltry  existence  as  fisber- 
men.  The  Anglo-Saxons,  on  their  arrival  in  Britain,  were  so  absorbed 
by  combats  with  the  native  Celts,  and  later  by  agriculture  and  cattle 
mising,  that  they  completely  abandoned  all  vocations  connected  with 
the  sea.  Alfred  the  Great  had  to  have  hia  vessels  built  in  (Jerman 
.  dockyards.  To  this  day  few  of  the  inhabitants  of  the  Cyclades  take 
to  a  life  upon  the  sea;  they  plant  wheat,  cultivate  the  vine,  or  pasture 
their  goat«.  Since  the  Dutt:h  have  become  affluent,  the  nautical  activi- 
ties energetically  prosecuted  by  their  ancestors  in  more  straitened 
circumstances  have  fallen  into  neglect,  and  in  the  Belgian  provinces 
of  Flanders  and  Brabant,  the  Netherlander,  more  easily  winning  a 
subsistence  on  his  fruitful  soil  by  ^riculture,  industries,  and  domes- 
tic trade,  has  always  been  apt  to  i-esign  to  foreigners  the  very  consid- 
erable sea  traffic  of  his  country. 

If,  however,  man  ventures  to  pit  his  strength  against  the  elemental 
power  of  tbe  sea;  if  be  goes  further  and  electa  as  his  vocation  the 
sailor's  struggle  with  storm  and  seething  breaker,  then  the  poet's 
word  in  \ta  full  significance  may  be  applied  to  hira:  "Man's  stature 
grows  with  every  higher  aim."  The  mariner's  trade  steels  muscle  and 
nerve,  it  sharpens  the  senses,  it  cultivates  presence  of  mind.  With 
each  new  triumph  of  human  cleverness  over  the  rude  force  of  nature 
it  heightens  the  cour^eousness  of  well-considered,  fearless  action. 
Observe  the  weather-beaten  countenances  of  our  tars  under  their 
sou'westers,  how  it  has  become  almost  a  habit  with  them  to  dart 
searching  looks  into  the  distance.  Their  manner  is  taciturn,  but 
betrays  efficiency  and  alertness.  No  sooner  are  their  latent  reserve 
powers  challenged  than  the  apparent  sluggishness  of  their  inactive 
moments  is  replaced  by  energy  and  amazing  endurance.  In  those 
countries  in  which,  &<<  in  Great  Britain  and  Norway,  the  sea  attracts 
votaries  from  extended  circles  of  the  population,  and  tbe  seafarer's 
calling  enjoys  respect  as  a  )>illar  of  tbe  commonwealth,  the  admirable 
traits  of  the  seaman's  character  stimulate  wholesome  imitation  even 
among  the  landsmen,  an  effect  that  is  heightened  when  the  coast  is  but 
little  removed  from  the  interior,  so  that  seacraft  in  all  itH  clearly 
defined  peculiarity  is  present  to  the  minds  of  the  people.  Further- 
more, if  in  the  wake  of  greater  intimacy  with  the  ocean,  and  through 
it  with  all  parts  of  tbe  world,  the  masses  come  to  entertain  transma- 
rine commerce  and  colonization  schemes  as  familiar  notions,  as  so 
often  happens  in  the  great  nations  that  are  the  bearers  of  civilization, 
then  the  people  as  a  whole  fall  heir,  in  large  pait,  to  the  sailor's  fresh, 
venturesome  spirit;  to  his  daring  courage  and  his  wide  intellectual 
horizon,  enlarged  by  contact  with  foiTigners.  A  typical  illustration 
of  this  truth  is  afforded  by  the  conti-a.st  between  tbe  Spaitans  and  the 
Athenians  of  ancient  times — the  former,  brave  but  narrow-minded, 
living  a  conservative  life,  walled  in  by  tbe  mountains  that  define  their 
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valley  of  the  Eurotas,  and  further  debarred  from  foreign  traffic  bj  the 
artificial  obstacle  of  iron  coin  not  passing  current  abroad;  the  latter, 
the  Athenians,  the  Ionian  race  of  progressive  seamen,  reveling  in  the 
sea  breezes  of  the  ^gean,  and,  their  ambition  overleaping  the  bound- 
aries of  space,  full  of  the  joyous  desire  of  achievement. 

Primitive  man  in  all  probability  was  barely  acquaint«d  with  the 
ocean.  For  later  generations  it  was  an  object  of  fear  and  terror;  but 
when  men  began  to  inhabit  the  seacoast,  drawing  freely  upon  the 
treasures  of  the  deep  and  making  its  broad  hack  amenable  to  their 
pleasure  in  reaching  distant  shores,  they  approached  it  closer  and 
closer.  Yet  man  never  succeeded  in  confining  the  sea  in  the  fetteraof 
slavery;  on  the  conti-ary,  he  came  to  worship  it  as  a  creative  deity. 
The  entrancing  beauty  of  the  sea  when  in  calm  weather  the  sails  glide 
peacefully  across  its  mirror-like  surface,  genially  reflecting  by  day 
the  brilliance  of  the  sun,  and  by  night  the  silvery  sparkle  of  the  star- 
studded  sky;  or,  when  the  storm  whips  up  the  waves,  flaming  streaks 
of  lightning  flash  through  the  livid  dullness  of  cloud  and  wat«r,  the 
breakers  beat  against  the  precipitous  rock,  and  the  vessel  is  tossed 
about  by  the  tempest;  and  t^in,  when,  after  the  gale  subsides, 
nature  is  once  more  serene,  and  deepening  colors  in  many-hued  play, 
never  seen  in  such  perfection  on  land,  are  shed  harmoniously  over  sea 
and  sky.  All  this  not  only  inspired  poetic  descriptions  in  Homer's 
and  Ossian's  epics,  it  reechoes  in  accents  true  to  nature,  in  the  simple 
lyrics  improvised  by  the  strand  folk;  and  the  painters  of  all  seafaring 
nations  that  have  attained  to  distinction  in  art  have  immortalized  tiie 
awe  of  man  at  first  sight  of  the  grandeur  of  the  ocean. 

Clawness  to  the  sea  has  powerfully  promoted  science  and  technical 
skill,  if  only  by  urging  l>oth  the  construction  of  necessary  vessels  and 
steady  improvement  in  the  art  of  building  them.  To  adduce  the  com- 
pletest  instance,  how  multifarious  have  been  the  applications  of  scien- 
tific principles  and  the  demands  made  upon  technical  ingenuity  since 
the  nineteenth  century  created  the  steamboat,  which  enables  man  to 
cross  the  ocean  in  the  face  of  wind  and  tide.  The  effort  to  make  navi- 
gation as  secure  as  possible  has  indirectly  had  a  furthering  influence 
upon  a  large  number  of  the  sciences.  On  the  Caroline  Islands  there 
are  still  living,  hoarj'  with  age,  a  few  members  of  the  remarkable 
guild  in  which  certain  astronomical  knowledge  valuable  in  steering 
boats  was  hereditary.  It  knew  accui-ately  the  position  of  the  fixed 
stars  with  regard  to  the  summer  and  the  winter  horizon,  and  at  the 
same  time  it  had  a  more  precise  acquaintance  with  the  relative  situa- 
tion of  island.s  for  many  miles  around  than  the  geography  of  the  civil- 
ized nations  contemporary  with  it  could  boast.  To  Italian  navigators 
our  sea  .-lervice  owes  the  introduction  of  the  compass,  based  upon  the 
peculiarity  of  the  magnetic  needle,  first  noticed  in  China.  Not  only 
has  the  eompaaa  kept  numberless  veiwaLt  from  straying  out  of  their 
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coiii-sc  in  starle}48  nights  and  tvggy  weather,  but  without  the  huge 
mass  of  obsorvHtions  seamt^n  had  made  in  all  zones,  by  lueanu  of  the 
compass,  u  Gauss  could  not  have  grappled  successfully  with  the  pi-ob- 
lein  of  the  m^netism  of  the  earth.  And  if,  hundredis  of  years  ago, 
the  surveyors  in  the  Clausthal  mines,  consulting  their  compass  by  the 
light  of  the  miner^s  lamp,  laid  out  their  subterranean  corridors  with 
unhesitating  certainty,  then,  verily,  this  is  a  cultural  echo  of  tumul- 
tuous waves  dying  away  in  the  womb  of  mountains  far  removed  from 
the  sea. 

But  its  supreme  gift  to  man  lies  in  the  fact  that  the  ocean  alone 
afforded  him  »  possibility  of  becoming  acquainted  with  the  globe  as  a 
whole;  it  unveiled  the  face  of  the  earth  for  him.  Knowledge  of  every 
part  was  followed  by  trade  with  every  part,  uniting  the  economies  of 
single  nations  and  sets  of  nations  into  a  world  economy.  Finally,  by 
means  of  univei'sal  commerce,  such  as  only  the  all-em bi-acing  ocean 
can  create,  the  olden  separateness  of  the  human  races  according  to 
their  native  continents  was  wiped  out,  and  the  first  steps  were  taken 
toward  a  spiritual  alliance  comprehending  the  whole  of  mankind. 
That  this  consummation  should  have  been  brought  aliout  primarily 
through  world  commerce  is  due  to  the  not  wholly  evil  power  of  the 
desire  for  gain.  Nearly  two  thousand  years  ago  Strabo  watched  sea- 
men risk  their  lives  on  the  tossing  billows  of  the  high  seas  while 
transferring  ware.-*  destined  foi'  Rome  from  mei'chant  vessels  to  light- 
ers, because  even  then  the  Tiber  was  too  shallow  for  heavy  navigation, 
and  he  exclaimed,  "  Verily,  i  he  desire  for  gain  overcomes  all  difficul- 
ties." Since  time  out  of  mind  the  ocean  opened  up  lo  man  the  freest 
and,  what  is  of  paramount  importance,  the  cheapest  paths  around  the 
ulobe.  From  mines  in  the  province  of  Sha  tung  we  shall  soon  be 
in  a  position  to  deliver  cheaper  anthracite  coal  at  Tsingtau  than  could 
be  offerc<l  for  sale  there  if  brought  fi*om  England.  On  the  other  h.nd, 
Milan,  not  to  speak  of  the  Italian  coast,  is  too  distant  by  the  overland 
route  for  Geiinan  coal  to  supplant  En  /lish  coal,  liei-ause  the  latter  can 
be  ti'ansported  by  sea  almost  directly  from  the  mines.  Italian  oranges 
can  be  bought  for  less  in  Hamburg  than  in  Munich  or  Vienna,  as 
freight  by  sea  from  Sicily  to  Hambuig  is  not  so  costly  as  freight  by 
land,  say,  frem  Hamburg  to  Berlin.  On  account  of  the  low  freight 
charges,  trade  by  sea  is  everywhere  most  lucrative.  In  order  not  to 
shorten  the  inexpensive  sea  route  unnecessarily  l>y  a  single  kilometer, 
the  great  seaports  have  arisen  in  the  innermost  reces^e^  of  ocean 
sinuses.  So  enormous  is  the  profit  derived  from  world  commerce  by 
sea  that  it  yields  enough  to  furnish  the  vast  sums  swallowed  by  the 
construction  of  vesseU  and  needed  to  reward  the  hard  labor  of  the 
gallant  crews  who,  far  away  from  home,  are  exposed  to  constant  peril, 
biddin    detiance  even  to  the  dread  typhoon. 

**  Unfruitful"  Homer  called  the  sea.     Yet  what  a  wealth  of  treasurb^ 
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it  uhoweru  upon  man  from  out  of  its  never-exhausted  fund,  and  more 
still  by  carrying  to  his  feet  the  products  of  the  whole  earth  with  the 
smallest  conceivable  injury  to  their  marketable  value.  The  countries 
situated  on  the  seacoast,  especially  in  the  temperate  zones,  where 
devotion  to  work  is  at  its  intfinsest,  are  witness  to  this  truth.  The 
busiest  cities,  nerving  world  commerce  aw  seaports;  the  wharves;  the 
industrial  centei-s,  deiiiring  to  have  at  first  hand  the  raw  material  pro- 
duced in  foreign  ports,  are  connected  by  a  chain  of  smaller  coast 
settlements,  which  likewise  depend  in  part  u\ion  sea  commeix-e  or  upon 
the  coasting  trade  and  the  fisheries,  and  are  usually  surrounded  by 
well -cultivated  fields,  fertile  by  i-eafK>n  of  the  mild  sea  breezes  wafted 
over  them.  It  ia  the  more  easily  attained  prosperity  that  lures  men 
to  the  coast.  Therefore  islands,  as  compared  with  the  neighboring 
mainland,  and  smaller  islands— conditions  on  the  whole  being  equal — 
as  compared  with  larger  ones,  are  distinguished,  in  consequence  ot 
their  relatively  greater  coast  allotment,  by  greater  populousness. 
Wherever  land  and  sea  touch  each  other,  there,  naturally,  are  most 
appai'ent  the  blessings  which  the  sea  bestows  upon  mankind. 

Finally,  let  us  cast  a  rapid  glance  at  the  political  importance  of  the 
sea.  From  what  has  been  said  it  is  obvious  that  every  State,  as  soon 
as  it  realizes  the  advantages  of  sea  life  to  its  citizens,  will  strive  to 
extend  its  territory  to  the  sea,  though  it  should  only  secure  so  tiny  a 
strip  of  coast  as  Montenegro  recently  obtained  on  the  Adriatic.  He 
who  has  one  foot  planted  on  the  c  ast  can  dispatch  his  vessels  over  the 
whole  earth.  With  but  a  single  port,  to  what  a  commanding  position 
in  sea  commerce,  in  dominion  over  the  sea,  and  in  cotonizatii.n  as  far 
as  the  most  distant  shores  of  the  Black  Sea,  did  Miletus  attain  in 
antiquity  and  Genoa  in  the  Middle  Ages.  Switzerland,  founded  in  the 
heart  of  Europe  on  the  Alpine  battlements,  comes  to  mind  as  the  only 
one  and  as  a  remarkable  example  of  a  State  carrying  on  trade  with  the 
whole  world  by  means  of  the  vigorous  industrial  entei-prise  of  its  cit- 
izens, though  it  can  never  hope  to  acquire  coast  possessions.  But, 
when  disposing  of  her  products  and  transporting  them,  how  painfully 
Switzerland  feels  her  de{}endence  upon  the  customs  regulations  and  the 
railroad  rates  prevailing  in  the  four  great  powers  encircling  her. 
Rust^ia,  on  the  other  hand,  aff  rds  the  most  striking  instance  in  history 
of  a  State  purely  inland  in  origin  at^tvancing  with  conscious  intent, 
step  by  step,  to  the  shores  of  all  the  seas  in  its  surroundings  and 
attaching  them  to  itself  until  its  banners  wave  from  the  Baltic  to  the 
Yellow  Sea. 

But  the  be.st,  indeed  the  most  indispensable,  gifts  of  the  sea  to  the 
state,  as  such,  are  these  three:  independence,  unity,  and  pleiTitude  of 
power.  Uatzel  properly  points  out  that  the  sea  is  absolutely  uninhab- 
itable, hence  constitutes  the  securest  defense  of  a  state.  How  much 
less  guaranteed  would  the  freedom  of  the  greatest  repeblic  aeem  if 
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the  United  States  had  not  won  the  Pacific  in  addition  to  the  Atlantic 
littoral.  A  state  with  seagirt  territory,  like  Gi-eat  Britain,  Japan, 
and  now  Australia,  the  new  island  i^tate.  can  l)e  assaulted  only  in  spots, 
with  blockading  fleets.  By  the  prepondei-ance  of  hersea  front,  France 
seems  better  protected  than  Germany,  in  the  same  way  friendly 
intercourse  <ran  penetrate  only  here  and  there,  at  given  points,  to  the 
interior  of  a  state  limited  by  a  coast  line.  Therefore,  state  boundaries 
marked  by  the  sea  are  ethnically  more  detinite  than  the  vaguer  lines 
on  land,  and  in  this  respect  superior  to  them.  They  are  a  better  aid 
in  promoting  and  maintaining  the  unification  of  mixed  i-ace.-*  into  a 
single  nation.  History  affords  a  solitary  example  of  the  reverse;  the 
Mediterranean,  surrounded  by  the  provinces,  instead  of  itself  sur- 
rounding them,  was  the  power  that  bound  and  kept  tt^ether  the  ele- 
ments composing  the  mighty  world-empireof  Kome.  Incea^antlj'  the 
ocean  brings  unity  and  power  from  without  to  all  states  upon  whose 
edges  it  breaks,  and  which  undei-stand  its  admonishing  call.  Greece 
and  the  Apcnnine  Peninsula,  with  their  mountainous  interior,  transfer 
the  better  part  of  their  traffic  to  the  coasting  trade,  which  day  by  day 
brings  inhabitants  and  possessions  from  the  north  into  contact  with 
those  of  the  south,  heightening  the  community  of  interests,  and  at  the 
same  time  leading  the  mind  constantly  beyond  the  home  shores  of  the 
high  seas. 

More  than  anything  else  sea  trade.  t<^ether  with  every  sort  of 
activity  demanding  transmarine  effort,  whether  it  Ixt  vast  industrial 
enterprises,  technical  achievements  on  sea,  or  colonization,  establishes 
an  intimate  connection  between  a  nation  and  the  great  world.  At  the 
same  time  it  welds  together,  in  indissoluble  union,  the  interior  of  the 
state  with  itf<  coast  provinces,  the  only  paths  along  which  livelj' exchange 
is  effected  with  foreign  parts.  As  with  hammer  blows,  it  brings  home 
the  realization  of  kinship  and  unites  the  parts  into  a  whole.  We  Ger- 
mans feel  this  more  strongly  now  than  ever.  No  Hohenstaufen  will 
again  turn  bis  back  indifferently  upon  the  German  coasts,  to  cross  the 
Alps  and  lead  campaigns  against  Rome.  No  IIanseati<r  League  of 
to-day  would  have  to  lower  its  flag  in  displeasure  for  lack  of  imperial 
protection  of  its  glonous  deeds.  A  fleet  of  ironclads  floating  the  Ger- 
man imperial  tmnner,  and  growing  day  by  day,  guards  our  merchant 
marine  on  all  the  seas,  and  to  the  furthermost  shores  within  and  beyond 
the  territory  under  our  protection  it  extends  its  sheltering  arm  over 
everj'  honest  cntei-prise  undertaken  by  German  citizens.  Thus, 
defended  from  hostile  injury,  the  goods  of  the  world  acquired  by  Ger- 
man industry  flow  over  the  threshold  of  the  sea  into  all  the  provinces 
of  our  land,  raising  the  prosperity  of  our  people  to  heights  never 
before  attained,  widening  its  spiritual  horizon,  and  fostering  the  power 
of  the  state.     The  glory  of  the  German  Empire  lies  tirmly  anchored 
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A.— NOTES  ON  FOREST  UKSTKUCTION. 

By  GiFFOHD  PiNCHOT, 


The  point  of  view  of  the  agricultural  settler  in  uny  forest  region, 
whether  in  the  United  States  or  elsewhere,  is  that  of  hostility  to  the 
timber  which  limits  and  confines  his  industry.  To  get  rid  of  the  tim- 
ber with  him  means  expansion,  progress,  and  well-being.  As  settle- 
ment progresses  and  the  forests  disappear,  a  second  phase  of  opinion 
cr^'stallizes  and  becomes  effective.  Its  (.-enter  of  distribution  is  in  the 
towns  or  cities,  and  it  is  largely  concerned  with  purely  sentimental 
considemtions.  This  strhool  of  thought  regards  the  preservation  of 
the  forest  as  an  unmixed  good  with  the  same  unyielding  depth  of  con- 
viction which,  among  the  early  settlers,  marked  the  opinion  that  its 
existence  was  an  unmixed  evil. 

From  the  point  of  view  of  national  progress  the  one  opinion  is  as 
mistaken  as  the  other.  Both  are  likely  to  be  survived  by  that  phase 
of  thought  which  regai-ds  forest  protection  as  a  means — not  an  end; 
which  contends  that  every  part  of  the  land  surface  should  be  given 
that  use  under  which  it  will  contribute  most  to  the  general  prosperity, 
and  the  piii-pose  of  whose  action  is  best  phi-ased,  in  the  language  of 
President  Roosevelt,  as  "the  perpetuation  of  forests  by  use."  The 
essential  reasonableness  of  this  point  of  view  ia  gaining  i-ecognition 
among  the  adherents  of  both  the  schools  of  thought  which  preceded  it, 
and  is  doing  more  than  any  other  single  factor  to  call  attention  to  the 
wastefulness  of  forest  destruction  and  to  emphasize  the  essential  prac- 
ticability of  conservative  forestry. 

As  B  broad  general  rule,  subject  to  many  exceptions,  it  may  be  said 
that  the  destruction  of  a  forest  on  land  better  adapted  for  forestry 
than  agriculture  is  not  likely  to  l>e  more  than  temporary  in  character. 
Ultimately  the  forest  will  return,  but  the  time  which  must  elapse 
between  the  destruction  of  a  forest  and  the  reappearance  of  the  same 
type  of  forest  on  the  same  ground,  however  brief  geologically,  is 
often  of  appalling  length  from  the  human  point  of  view. 

Thus,  great  areas  of  land  in  New   England,  once  clenred,  are  now 

returning,  through  the  gradual  spread  of  the  foreut  in  old  pastures  and 

on  abandoned  hillsides,  to  a  wooiled  condition.     The  type  of  forest  , 
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that  waa  destroyed  may  he  alow  in  returning,  even  after  the  forest 
condition  is  established,  and  great  length  of  time,  in  tens  or  hundreds 
of  years  of  useful  growth,  may  be  lo»t;  but,  in  the  great  majority  of 
cases,  the  type  of  forest  once  best  adapted  to  the  land  will  clothe  it 
again. 

The  destru<-tion  of  a  forest  through  tire  or  otherwise  brings  about 
two  result-i.  In  the  first  place,  it  disturbs  the  general  balance  of 
nature,  sets  free  geological  activities  which  were  pi-eviously  held  in 
check,  and  begins  a  long  process  of  readjustment.  In  the  second 
place,  it  profoundly  modifies  the  vegetation  for  a  longer  or  shorter 
term  of  years,  both  before  and  after  the  foi-est  condition  ia  restored. 

The  chief  geological  agent  set  at  work  by  forest  destruction  is 
water,  Wc  are  already  well  persuaded  in  general  of  the  effect  of 
forests  on  the  flow  of  streams.  Yet  an  illustration  which  I  may  bor- 
row from  an  unpublished  paper  by  Mr.  Filibert  Roth  will  sei-ve  to  set 
the  matter  in  u  clear  light.  If  an  ordinary  desk  or  table  be  tilt«d  and 
water  is  sprinkled  on  its  surface,  the  water  speedily  runs  off.  If  the 
tilted  table  is  covered  with  an  inch  or  two  of  loose  soil,  the  water 
falling  upon  it  is  at  first  somewhat  retai-ded  in  its  journey  to  the  lower 
edge;  but  soon  not  only  does  it  find  its  way  there  with  rapidity,  but  it 
carries  with  it  relatively  large  amounts  of  soil.  As  yet  no  reservoir 
has  been  established  on  the  sloping  surface.  If  now  a  layer  of  cotton 
liatting,  which  we  may  liken  to  the  mat  of  decaying  leaves  and  twigs 
which  constitutes  the  forest  floor,  be  laid  on  the  surface  of  the  soil 
erosion  («a.ses,  the  water  which  falls  sinks  gently  into  the  soil,  and 
the  soil  on  the  surface  of  the  (able  has  become  in  effect  a  i-eservoir  for 
the  temporary  retention  of  water.  Such  a  reservoir  will  continue  to 
give  out  water  long  after  the  min  has  ceased  to  fall. 

Over  large  ai-eaa  of  our  country,  especially  in  the  far  West  and  in 
the  Southern  Appalachians  in  the  East, the  water-conserving  property 
of  the  forest  is  for  the  present,  and  is  likely  long  to  continue,  its  most 
important  one.  In  addition  to  the  Joss  of  water  by  promoting  its 
useless  waste  in  floods  there  is  the  loss  of  the  soil  itself.  Fertile  soil 
is  the  product  of  long  geological  processes  and  is  perhaps  the  most 
valuable  asset  of  any  nation.  Forest  destruction  tends  to  convert  the 
soil  of  productive  fields  into  costly  and  dangerous  bat's  at  the  mouths 
of  rivers  and  harbors,  by  permitting  its  transportation  by  water  to  the 
sea.  The  washing  away  of  cleared  soil  is  proceeding  with  astonishing 
rapidity  in  many  parts  of  the  country.  The  damage  is  most  visible 
in  the  gullying  of  hillsides,  but  it  is  not  less  destructive  in  the  remo\'aI 
of  the  surface  soil  without  gullying,  where  heavy  rains  and  smooth 
steep  slopes  make  the  process  possible.  Estimates  of  the  loss  from 
this  source  have  been  made,  notably  by  Professor  Shaler,  of  Harvard, 
but  it  is  sufficient  to  say  here  that  the  damage  is  on  a  gigantic  acaln 
and  that  it  is  steadily  increasing  in  the  United  States.  ^-' 
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—Dam  filled  with  Silt,  Arizona. 
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FlO.   1.— COMIFERS  STARTINQ  BENEATH   POPL>R  ON  BURNED  LAND.  ADIRONDACK& 


Digitized  bvCoOgIC 


FOREST   DESTRUCTION.  403 

Tbn  forest  in  then  the  great  moderator  of  geological  action  by  trans- 
3  of  its  great4>^t  Hervices  to  man. 
'et  fully  explained  by  obt»ervationtt 
>n  land  Huitahle  for  ^riculture,  of 
Dtroduction  of  decaying  vegetable 
n  of  carbonic-acid  gas  at  (^nKider- 
en  root»  die.  is  one  of  the  nicanx. 
rieally  speaking,  than  in  apt  at  Krst 
of  forest  soil  by  the  wind.  Thin 
)cd  and  their  rootx  (»rry  with  them 
Jties  of  mineral  ^oil  an  yet  little 
y  the  hollow  from  which  this  !K)il 
lown.  Small  qtiantitiett  of  humun 
and  a  depo!«it  of  fertility  is  made  a 
■al  level  of  the  surfai-e.  When  once 
the  frequency  of  the  little  mounds, 
elf  has  entirely  rotted  away,  is  seen 
mation  is  j'ct  lacking  by  which  to 
ious  function  of  the  forci^t. 
irest  dcHtrnt^tion  is  to  produce  what 
tation  and  afterwards  to  modify  the 
,he  latter  finally  returns.    Take,  for 

the  Adirondack^.  The  surface,  if 
i\y  occupied,  within  a  year  or  two, 
similar  short-lived  vegetation.  In 
young  trees  start,  but  they  are  of 
"ire  cherry  and  poplar  are  usually 
ived,  rapidly  growing  trees  of  little 
1  use  is  to  prepare  a  seed  bed  in 
le,  maple  and  birch  may  germinate 
cate  infancy  under  the  protective 
ar  usually  liefore  their  competition 
d  sustained  by  the  rich  humus  they 
te  nurses  of  the  new  forest,  which 
nd  strong  enough  to  shift  for  them- 
be  lodgopole  pine  and  the  quaking 
died  poplar  or  popple  in  the  North- 
more  valuable  kinds.  Both  form 
ttain  subordinate rommercial  value, 
lormous  areas  through  the  agency 

of  fire  it  will  gradually  but  inevi- 

I  their  elders  have  been  burned  or 
I  are  the  red  fir  of  Washington  and 
a,  and  over  lai-ge   sti-etches  from^lc 


404  FOREST   OEflTRUOTION. 

South  Dakota  to  New  Mexico  and  from  Colorado  to  California,  the 
Western  yellow  pine.  These  trees  replace  themselves.  The  loss  from 
their  destruction  is  to  be  measured  in  the  fertility  of  the  soil,  in  its 
water-storing  power,  and  in  amount  of  production  measured  by  time. 

That  a  manufacturing  plant  should  remain  idle  is  instantly  recog- 
nized as  a  loss  to  any  community.  The  forest  is  a  manufacturing 
plant  for  the  production  of  wood.  That  a  forest  soil  should  remain 
idle  from  the  production  of  trees,  or  should  produce  but  a  part  of  the 
wood  it  is  capable  of  making,  is  as  clearly  detrimental  as  for  a  facton' 
to  l>e  shut  down  or  to  he  occupied  but  half  the  working  days. 

About  one-third  of  the  total  stand  of  forests  in  the  State  of  Wash- 
ington when  white  men  (^ame  there,  has,  since  their  arrival,  been 
destroyed  by  fire.  A  very  large  part  of  this  area  is  still  producing 
V)ut  a  fraction  of  the  w»wd  which  it  is  capable  of  growing.  The  aitui- 
tion  of  such  a  forest  may  l)e  likened  to  that  of  a  nia<^hine  shop,  fit(*J 
to  produce  shafts,  cog  wheels,  and  other  mechanical  devices,  the  own« 
of  which,  when  he  wanted  a  shaft  or  a  wheel,  should  remove  one  from 
the  machinery  of  the  shop  instead  of  using  the  shop  to  produce  whri 
he  wanted.  Forestry  a.ssumcs  and  asserts  that  forests  may  l>e  used  for 
the  production  of  wood  without  endangering  or  reducing  their  pro- 
ductive capacity.  That  this  is  so,  and  that  forest  destruction  is  a  use- 
less waste,  is  being  rapidly  undei-stood  throughout  the  United  Statfl.". 
When  it  is  not  only  understood,  but  generally  acted  upon,  as  is  now 
being  done  by  some  of  the  most  progressive  among  the  lunibeiinen 
and  other  forest  owners,  the  situation  in  forestry  will  be  secure. 


B.— DESTRUCTION    OK    TIIR  FORE.ST    MKANS  DESTRUCTION   OF  THE 
FAUNA  AND  FLORA. 

By  0.  Hart  Merriam. 


The  destruction  of  u  forest  is  irievitatily  followed  by  a  profound 
modification — am<mnting  often  to  annihilation— of  the  forest  fauna 
and  flora.  It  goes  without  saying  that  when  the  trees  arc  gone  the 
birds  that  live  in  the  trees,  as  nuthatches,  ciecperfi,  woodpeckera,  war- 
hlei-s,  vireos,  jays,  chickadees,  and  the  like,  and  tree-loving  mammals, 
as  the  arboreal  squirrels,  opossums,  raccoons,  martens,  and  others,  can 
no  longer  exist. 

But  a  forest  fauna  is  by  no  means  restricted  to  the  species  that  live 
in  trees.  In  most  forests  the  ground  is  covered  and  protected  by 
hushes  and  small  plants,  which  for  successful  gi-owth  and  reproduction 
require  both  shade  and  moisture,  and  which  in  turn  furnish  food  and 
shelter  to  many  kinds  of  animals.  When  the  forest  is  dcstixjyed, par- 
ticularly in  regions  of  scanty  rainfall,  the  undershrubs  and  other  forma 


Fki.  1  .—Reproduction  of  Pure  red  Fir  on  burned  Land,  Waskinotoh. 
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Fio-  2.— A  Forest  which  has  been  Lumbereo  conservativelv,  Adirondacks. 
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of  lowly  ve',-etatioii  wither  and  die,  luid  the  fonns  of  nnimal  life  depend- 
ent on  tl.e  sbeltcr  thus  affordod  are  either  dcsti-oyed  or  driven  away. 
It  often  happens  that  thi-^^  undervi^Kt'ti^tloii  is  swept  away  by  Kre  or 
devoured  and  tratnplod  by  shw-p  without  immediate  serious  injury  to 
the  trees.  Persons  familiar  with  the  for&sts  of  our  western  mountains 
do  not  need  to  lie  told  that  where  sheep  have  been  allowed  to  }rraze  for 
several  years  the  undervepetation  is  destroyed  and  the  surface  of  the 
ground  converted  into  an  absolute  desei't,  although  the  trees  remain. 
In  these  cases  the  extermination  of  the  fauna  and  flora  in  almost  as 
complete  as  if  the  forest  itself  had  been  consumed.  In  other  words, 
the  forest  fauna,  consisting  in  the  main  of  species  dependent  on  the 
prot«ction  and  food  afforded  by  the  smaller  plants,  can  not  exist  when 
these  plants  are  removed.  This  is  true  not  only  of  a  host  of  insects 
and  other  lowly  forms  of  animal  life,  but  also  of  most  reptiles  and 
mammals,  and  many  birds.  Birds  that  nest  on  the  ground  or  in  logs 
or  shrubbery,  such  as  grouse,  sparrows,  thrushes,  wrens,  and  others, 
are  eompletely  exterminated  by  fire,  sheep  grazing,  and  other  agencies 
which  destroy  the  undervegetation.  The  same  is  true  of  manunals, 
for  the  numerous  kinds  of  mice,  shrews,  chipmunks,  ground  squirrels, 
wood  rabbits,  weasels,  and  others  that  arc  dependent  on  the  under- 
vegetation of  forests  disappear  when  this  shelter  is  removed. 

It  follows  that  preservation  of  the  forests  implies  presei'vation  of 
the  native  flora  and  fauna.  Hence  the  movement  now  on  foot  to  set 
aside  certain  forest  reserves  as  permanent  game  presences  is  worthy 
of  the  earnest  support  of  all  who  have  at  heart  the  welfare  and  per- 
petuation of  our  forest  faumt. 
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By  F.  H.  Newell, 

Hyihagrapher,  V.  S.  Geoloffical  fturtfy. 


With  the  cessation  of  Indian  wars  and  of  daily  news  of  frontier 
strife,  the  people  of  our  country  have  come  to  regai-d  the  United 
States  as  settled  and  no  longer  affording  opportunity  for  notable 
expansion  of  internal  resources.  It  is  true  that  the  frontier  of  civili- 
zation has  disappeared  as  regards  the  United  States  proper,  and  inter- 
est in' the  warfare  between  the  white  settler  and  the  savage,  or  native 
occupant  of  the  soil,  has  been  transferred  to  outlying  possessions. 
Civilization  in  itK  march  aci'oss  the  Mississippi  Valley  to  the  liocky 
Mountains  has  reached  the  Pncitic  coast  (PI.  I),  but  in  so  doing  took 
rapid  strides  ticross  a  third  of  the  continent  and  left  but  few  footprints 
on  its  coui'se.  Now,  at  the  beginning  of  the  twentieth  century,  when 
we  come  to  take  account  of  the  progress  made,  we  are  sui'prisod  to  Hnd 
that  one-thii*d-  of  the  whole  United  States  remains  vacant  land,  mUU 
>>eIonging  to  the  people  as  a  whole  and  at  the  disposal  of  Clongrcss. 

The  question  may  well  be  asked.  Why  is  it,  with  the  keen  desire  for 
land  ownership  possessed  by  the  American  people,  that  this  one-third 
of  the  United  States  should  be  left  untouched?  The  soil  i:^  known  to 
be  as  fertile  as  that  of  any  part  of  the  globe,  and  the  land  laws  are 
extremely  liberal,  so  that  there  is  no  difficulty  in  securing  title,  and 
farnid  can  be  had  almost  for  the  asking. 

The  anomalous  condition  exists  that  although  one-third  of  the 
United  States  proper,  excluding  Alaska  and  outlying  possessions, 
consists  of  vacant  public  land  (as  shown  in  tig.  I),  yet  there  is  no 
longer  an  outlet  for  the  homeseeker  upon  these  lands.  In  the  jHLst  the 
vast  unoccupied  public  domain  has  served  as  an  outlet  for  surplus 
labor  and  has  afforded  scope  for  the  energies  of  thomjand?  of  young, 
able-bodied  men,  who,  while  without  financial  means,  have  had  the 
ambition  to  become  landowners  and  to  grow  up  with  the  increasing 
development  of  a  new  country. 

After  the  close  of  the  Civil  War  and  at  times  of  great  industrial 
depression,  when  men  sought  an  opportunity  to  earn  their  daily  living 
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and  tho  dooi'u  of  fftctxiricK  and  iiia^-liiiic  shops  were  closed,  there  was 
a  steady  stream  of  pionocrs,  represonting  the  itcAt  uf  the  bono  and 
miiHclc  of  the  country,  ^i'lff  out  upon  the  broad  plains  and  pi-airies, 
building  up  substantial  roiumunition  and  expanding  within  our  own 
borders  the  area  of  the  highest  type  of  civilization.  All  this  has 
passed  away.  There  are  no  longer  to  be  seen  the  prairie  schooners  and 
the  emigrant  wagons  filled  with  household  goods,  with  the  rhildren  on 


rio.  1.— Uajj  Bli..«iiis  l.RiLtioii  r>[  viii»iil  iiiililLr:  Inndi".     [The  open  iir  wtillf  Mpac-m  mIiow  (he  vanuil 
landH.] 

top  or  trailing  behind.  Only  the  Pike  t'ounty  wnnderor,  who  is  always 
seeking  sonu-thing  better,  is  still  to  Ix^  found  pursuing  his  aimless 
search  for  the  promised  land.  It  is  true  that  the  railroads  have  done 
away  with  the  necessity  for  the  overland  journey,  but  the  railroads 
cover  only  a  very  small  extent  of  the  vaat  inland  empire  of  the  United 
States.  Stretches  of  hundreds  of  miles  of  vacant  public  land  lie 
between  the  milroads,  but  across  these  fertile  plains  the  homeseeker 
no  longer  travels. 
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It  is  not  because  there  is  lack  of  land,  for  in  the  Western  States 
and  Territories  there  are  over  500,000,000  acrew  still  vacant,  much  of 
it  having  the  richest  soil  of  any  in  the  United  States.     It  is  not  )>ecause 


>  Bhowinx  arid,  i^m: 


the  pioneer  spirit  no  longer  prevails,  for  the  country  is  as  full  of 
adventurous  spirits  as  ever,  and  it  requires  merely  the  intimation  that 
some  Indian  reservation  is  to  be  opened  for  thousands  of  people  to 
gather  to  make  the  rush  or  try  their  chance  in  a  lottery.  There  is 
plenty  of  land  and  there  are  numberless  people  eager  to  occupy  it. 
What,  then,  is  it  that  prevents  their  doing  so!  Simply  the  lack  of 
water.  The  country  is  dry  and  the  ordinary  farm  crops  can  not  be 
cultivated  without  an  artificial  application  of  water  at  certain  times 
andseasons.  ^      ,,,     Cocwic 
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It  must  not  be  supposed  that  tbere  is  no  water  to  be  had.  On  the 
contrary,  ocoaHiorial  iitoniis  occur,  sending  down  vast  quantities  of 
water  and  inundating  the  tbiraty  plain.  Thiu  rushes  off  and  in  a  few 
hours  the  channels  of  the  rivers  are  nearly  dry.     There  are  also,  at 
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long  intervals,  large  perennial  streams,   but  most  of  these  flow  In 
narrow,  deep  canyons. 

The  country  under  discussion  is  not  wholly  uninhabited,  but  at 
nearly  every  spring  and  along  every  river  which  is  not  flowing  in  a 
nari'ow  canyon  there  are  to  be  found  mncbes  and  occasional  small 
towns.     All  of  the  easily  available  sources  r'  -vAs  have, been 

r,,i  ,,i   AToOi^Ic 


b.  aunny»ldefruilorc'h.rd,  Y«l<ima  Valley.  Wa,hing^,     ,,  ,   CoOQIc 

Desert  Lands  near  Pacific  Coast  reclaimed  ev  Irrigation. 
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eieized,  and  in  the  i^gregate  over  7,500,0Ul>  acres  huve  l>ccu  brought 
under  irrigation,  tbi^n  being  a  little  over  1  per  cent  of  the  total  area 
of  the  remaining  vacant  Iand». 

Not  all  of  thia  500,000,000  acres  caD  be  irrigated,  for  some  of  it  is 
mountainous  and  covered  in  part  with  timber  (fig.  3),  other  portions 
are  rough  and  broken,  and  even  if  all  of  the  floods  were  conserved  in 
great  reservoirs  and  all  of  the  rivers  which  could  be  diverted  were 
turned  out  from  their  canyons,  there  would  not  be  watei'  for  more 
than  60,000,000  acres,  or  possibly  100,000,000  acres;  but  this  would 
be  a  great  increase — say,  t«n  times — over  the  area  now  utilized. 

In  that  portion  of  the  United  States  where  the  vacant  public  lands 
lie,  and  where  farms  and  homes  can  not  be  made  without  irrigation, 
there  are  now  living  3,000,000  or  4,000,000  people.  If  ten  times  the 
amount  of  land  were  irrigated  it  is  possible  that  the  population  would 
be  increased  to  at  least  40,000,000  people,  and  possibly  far  more, 
because  of  the  other  industries  which  would  be  developed  as  more 
land  is  cultivated.  The  mineral  wealth  of  the  region  is  very  great. 
Gold,  silver,  iron,  and  coal  are  now  produced,  the  precious  metals 
having  especial  value.  The  poorer  ores  are  for  the  most  part  neg- 
lected, because  of  the  high  cost  of  transportation,  labor,  food,  and 
forage.  With  more  land  cultivated  in  scattered  areas  throughout  this 
country  and  with  gi-eater  population  better  transportation  facilities 
must  come,  also  cheaper  food  material,  making  it  possible  to  work 
some  of  the  low-grade  ores.  Great  deposits  which  are  now  pi-actically 
valueless  could  then  be  worked,  affoiviing  employment  for  thousands 
of  men  and  adding  to  the  population  and  wealth  of  the  country.  With 
a  regulated  water  supply,  such  as  that  needed  in  irrigation,  cheap 
water  power  can  be  had,  not  only  for  pumping  water  to  the  fields, 
but  for  various  industries  connected  with  the  handling  and  reduction 
of  the  ores,  and  thus,  one  industry  feeding  another,  the  West  must 
develop  its  wonderful  resources  with  increasing  i-apidity. 

But  the  questions  may  well  be  asked.  Why  is  this  not  now  taking 
place  if  there  are  so  many  people  wanting  land,  and  why  is  it  that  the 
settled  area  has  actually  diminished  in  some  poitions  of  the  West  and 
population  has  tended  to  concentrate  in  the  towns?  It  is  be<^tiuse  the 
irrigators  and  investoi's  in  irrigation  systems  have  utilized  all  the 
easily  available  sources  of  water  and  have  developed  agriculture  by 
irrigation  nearly  to  the  limit  of  the  (opacity  of  the  systems.  They 
have  demonstrated  that  irrigation  is  not  an  experiment,  hut  an  assured 
success,  highly  protitable  to  the  man  who  cultivates  his  own  land. 
More  than  this,  they  have  shown  by  numerous  failures  that  ret^lama- 
tion  works  on  a  large  scale  do  not  pay  financially  nor  yield  the  satisfac- 
toiy  returns  that  the  small  works  have  yielded.  There  aie  no  longer 
opportunities  for  small  works,  and  if  the  big  enterprises  can  not  be 
made  sources  of  profit,  what  then  is  to  be  done? 


DgizcdbvGoOgle 


412 


IRRIOATION. 


Several  iriHtaiK-cs  i-«n  be  cited  where  t^orporations  have  Iwcn  formed, 
stwks  and  )>o»dn  issued,  and  a  niillioii  dollars  invested  in  great  iTela- 
mation  work-s,  in  building  reservoirs,  dams,  and  canals,  resulting  in 
increasing  land  values  in  the  vicinity  to  ♦3,0U0.0Ul),  yet  the  investors 
lost  every  dollar,  because  they  could  not  control  and  bring  to  them- 
selves the  protits  of  the  enterprise.  These  went  to  the  public,  and 
under  existing  conditions  could  not  be  realized  by  the  men  who  took 
the  risk.  The  people  who  bought  stocks  and  bonds  of  irrigation  enter- 
prises arc  no  longer  willing  to  play  the  part  of  philanthropist  to  bene- 
fit the  public;  and  they  say  that  "although  the  xcbemes  offered  are 
equally  enticing  as  those  in  the  past,  we  will  not  be  led  into  another 
enterprise  of  this  character."  Hence,  development  has  practically 
ceased,  and  compared  with  what  might  be  done,  the  (country  with  its 
vast  opportunities  seems  almost  stagnant. 

The  following  table  gives  the  extent  of  irrigation  at  the  beginning 
and  end  of  the  decade  1890-1900,  and  shows  the  gradual  increase  of 
this  method  of  tilling  the  soil: 


Area  irrigaUd. 

SMUa  ftnd  Terri  lories. 

im. 

1900. 

70,000 

i.auooo 

i;  000, 000 
230,000 

seo,ooo 
bo! 000 
aooiooo 

100,000 

MO.  000 
JO, 000 

Arrtt. 

4,116,000 

7,500.000 

Private  enterprise  has  already  accomplished  what  it  can  in  the  utili- 
zation of  the  smaller  streams,  but  there  still  remain  great  rivers  and 
torrential  floods  whose  control  is  beyond  the  possibility  of  individuals 
or  corporations  seeking  profitable  financial  enterprises.  The  work  of 
reclamation,  if  done  at  all,  must  be  through  public  agencies.     (Pi.  II-) 

These  facts  have  been  recognized  by  President  Koosevelt  in  bis  first 
message  to  Congress,  and  by  his  Secretary  of  the  Interior,  as  well  a-* 
by  numerous  writers  upon  social  and  economic  questions,  who  arc 
beginning  to  Hound  the  note  of  warning  against  further  delay,  again!<t 
the  policy  of  proci'astination,  which  allows  the  speculative  element  to 
gradually  acquire  possession  of  the  places  where  water  can  be  stored, 
and  to  render  difficult  or  impracticable  the  ultimate  reclamation  of  the 
public  land  and  the  creation  of  homes  for  workers. 

President  Roosevelt,  in  his  clear-cut,  decisive  fashion,  has  reached 
to  the  very  heart  of  the  matter  and  has  recommended/  tiiat  tha  Qov- 
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eminent,  the  great  land  owner,  should  construct  and  maintain  the 
reservoirs  as  it  does  other  public  works.  He  says  that  this  is  properly 
a  national  function,  and  that  it  is  as  right  for  the  National  Government 
to  make  the  Htrcams  and  rivers  of  the  arid  region  useful,  by  engineer- 
ing works  for  water  storage,  as  it  is  to  make  useful  the  rivers  and 
harbors  of  the  humid  region  by  engineering  works  of  another  kind. 

There  is  a  widespread  demand  on  the  part  of  the  citizens  of  the 
country,  the  owners  of  this  vast  domain,  for  the  adoption  by  the  Gov- 
ernment of  some  policy  leading  to -the  ultimate  reclamation  of  the 
Weat,  such  as  will  permit  the  largest  possible  number  of  homes. 
The  labor  organizations  see  in  this  an  outlet  for  overcrowded  condi- 
tions; the  manufacturing,  jobbing,  and  transportation  interests  of  the 
country  appreciate  the  overwhelming  importance  of  this  great  home 
market;  the  more  intelligent  farmers  see  here  oppoitunities  for 
homes  for  the  younger  members  of  their  families  and  recc^nizc  that 
the  i^ricultural  prosperity  of  the  country  rests  largely  upon  inin-eased 
growth  of  manufactures  and  consequently  enlarged  demand  for  prod- 
ucts. The  one  discordant  note  is  fi-om  the  comparatively  few  who 
do  not  understand  that  the  development  of  the  Western  lands  must  in 
any  event  piticced  slowly,  and  that  the  agricultural  products  of  the 
arid  region  do  not  and  never  can  compete  with  those  of  the  East, 
since  the  character  of  the  crops  and  the  time  when  placed  upon  the 
market  differ  widely  from  those  of  any  other  section  of  the  country. 

The  importance  of  this  potential  competition  is  overstated  by  some 
Eastern  farmers.  They  do  not  appreciate  the  fact  that  wheat,  com, 
and  other  staple  products  of  the  East  are  not  raised  by  irrigation,  save' 
for  the  most  limited  local  consumption,  and  never  will  be,  because  the 
cost  of  cultivation  under  irrigation  is  such  that  only  the  highest  priced 
products  can  be  raised.  The  citrus  fruits  and  the  green  and  dried 
fruits  differ  from  those  of  the  Eaat,  and  have  in  no  respect  re<luced 
the  price  or  limited  the  product  of  apples,  peaches,  or  any  other  fruit 
of  the  Eastern  States.  For  sugar  beets  the  arid  climate  has  been 
found  especially  suitable,  but  the  amount  raised  under  irrigation,  even 
under  the  most  favorable  circumstances,  can  not  influence  the  sugar 
market,  being  infinitesimal  in  comparison  with  the  product  of  cane 
sugar  of  Liouisiaiia,  the  Hawaiian  Islands,  or  Cuba. 

The  fear  of  some  of  our  Eastern  farmers  that  the  development  of 
the  arid  West  will  further  reduce  the  value  of  agricultural  lands  and 
products  arises  from  a  complete  misapprehension  of  the  subjet^t.  The 
great  increase  in  fanning  area  in  the  United  States  was  from  1860  to 
181)0,  in  what  is  known  as  the  North  Central  Division,  including  the 
States  of  Ohio,  Indiana,  Illinois,  Michigan,  Wisconsin,  Minnesota, 
Iowa,  Missouri,  North  and  South  Dakota,  Nebraska,  and  Kansas.  The 
impi-oved  area  increased  fi-om  52,000,000  acres  to  184,000,000  acres, 
the  pnncipal  increase  being  in  Minnesota,  Iowa,  the  Dakotas,  Nebraska, 
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and  Kansas.  Over  80,000,000  acres  were  brought  under  cultivation 
during  the»e  thirty  years  in  these  five  States  alone.  The  population 
of  the  United  States  in  1870  was  less  than  40,000,000,  or  about  halt 
what  it  is  at  present.  The  most  extraordinary  increase  in  cultivated 
area  was  from  1875  to  1885. 

This  wonderful  increase  of  improved  aci-e^e  in  the  North  Central 
Division  alone,  of  over  130,000,000  acres  in  thirty  yeam  (the  popula- 
tion of  the  whole  United  States  being  Wan  than  half  what  it  is  now), 
has  had  an  effect  upon  land  values  that  can  never  again  take  place. 
There  is  no  other  ai'ea  of  agricultural  land  comparable  to  that  of  the 
Mississippi  Valley.  In  arid  i-egious  there  are  vast  tracts  which  ulti- 
mately may  support  a  larger  population,  but  these  can  not  be  brought 
under  cultivation  with  anything  like  the  rapidity  of  that  practiced  on 
the  fertile  prairies.  Even  with  millions  of  doiUi's  available  it  will 
not  be  possible  to  conserve  water  for  the  arid  land  as  rapidly  as  the 
increasing  population  demands  new  farms. 

At  most,  water  can  he  conserved  for  60,000,000  acres,  or  possibly 
100,000,000  acres.  To  do  this  will  require  one  or  more  generations. 
Streams  iimst  be  carefully  measured  year  after  year,  i-eservoirs  sur- 
veyed, foundations  examined  by  diamond  drill  or  excavation,  plans  and 
estimates  prepai-ed,  contracts  let  and  masonry  structures  built,  tunnels 
dug  through  the  solid  locks,  and  a  thousand  operations  be  successfully 
performed  before  water  can  be  had.  Then  the  ditches  must  be  dug, 
the  laterals  laid  out,  the  grounds  cleared,  and  the  soil  plowed  and 
leveled.  There  can  be  no  greater  contrast,  so  far  as  time  is  concerned, 
than  is  offered  between  this  necessary  long  preliminary  work  and  the 
conditions  on  the  fertile  piuirieit  of  Iowa,  where  men  have  merely  to 
drive  the  plow  and  plant  the  seed.     (PI.  III.) 

It  is  now  too  lat«  to  speak  of  Western  competition  with  Eastern  farms. 
This  competition  and  its  disastrous  results  to  the  far  East  has  long  since 
taken  place.  The  cultivation  of  theprairics  of  Iowa,  Kansas,  Nebraska, 
and  the  Dakotan  revolutionized  agricultui-al  values  and  put  them  on  a 
firm  basis  from  which  they  can  no  longer  be  shaken.  The  Mississippi 
Valley  now  sets  the  standard,  since  the  area  of  new  land  in  the  coun- 
try which  can  be  brought  under  cultivation  in  any  one  year  is  almost 
inconceivably  small  when  compared  with  that  now  cultivated. 

The  increase  of  population  in  the  United  States  is  from  2  to  3  per 
(«nt  per  year.  The  inci'ease  of  irrigated  area  has  been  less  than  one- 
tenth  of  1  per  cent  per  year  of  the  improved  lands  of  the  country. 
By  the  most  strenuous  exertions  it  will  be  impossible  to  increase  the 
area  of  irrigated  hinds  to  1  per  cent  of  the  improved  lands  of  the 
country,  or  less  than  half  the  rate  of  increase  of  population. 

It  must  not  be  supposed  for  a  minute  that  because  the  increase  of 
irrigated  lands  will  be  relatively  so  small  as  to  be  inappreciable 
in  agricultui-al  values   their   importance  is  correspondingly  limited. 
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While  the  irrigated  landi^  have  never  and  can  never  compete  with  tho 
rest  of  the  countrj'  in  agricultural  values  yet  they  afford  the  only 
remaining  opportunity  for  the  creation  of  homea,  and  they  insure  the 
highest  type  of.  Hgricultural  and  social  development.  The  umall  irri- 
gated farm,  with  intensive  cultivation  and  the  suburban  conditions 
made  possible  under  the  circumstances,  is  the  moat  attractive  farm 
life,  and  the  owners  and  cultivators  of  these  farms  form  the  mottt 
stable  and  substantial  class  of  citizens,  so  that,  although  the  numbers 
and  the  area  may  be  relatively  small,  yet  the  opportunities  are  great. 


i 
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It  is  estimated  that  hy  the  construction  of  storage  reservoirs,  by 
diverting  lai^e  rivers,  and  by  sinking  deep  or  artesian  wells,  it  will 
be  practicable  ultimately  to  irrigate  nearly  ten  times  the  area  now 
cultivated  by  irrigation  (tig.  4).  There  is  a  wide  margin  as  to  the 
probable  acreage,  and  it  has  been  placed  at  from  60,(K>0,000  to 
100,00(',0<H)  acres  ultimately  reclaimable  within  two  or  three  genera- 
tions. The  amount,  however,  will  depend  wholly  upon  the  treatment 
now  acconled  by  Congi-ess  to  the  public  lands.  By  leaving  matters  as 
they  arc,  only  u  small  proportion  of  this  extent  will  ever  be  irrigated. 
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because  of  the  chafocter  of  the  vested  rights  now  accruing  and  the 
impossibility  of  entry  upon  these  lai^  works  when  the  control  of  the 
water  has  passed  into  the  hands  of  the  speculative  element. 

National  aid  is  not  asked  to  secure  the  beginning  of  the  work  of 
irrigation,  nor  to  take  up  an  experimental  enterprise.  The  whole 
object  of  national  assistance  is  along  the  line  of  making  it  possible  for 
the  people  of  the  country  to  continue  to  secure  homes  on  the  public 


loculUies  where  cropi  b»ve  b< 


domain  thi'ough  the  ability  to  obtain  water  to  be  brought  to  the  land 
by  dit(;he:4  or  conduits  built  by  themselves.  It  is  asked  for  the  same 
reason  that  the  settlers  called  upon  the  Uovernment  to  protect  them 
from  the  sav^es,  from  the  overflows  of  great  rivei"s,  and  to  aid 
navigation  by  establishing  light-houses  and  render  it  possible  by 
dredging  bars  across  the  harbors.  As  before  stated,  none  of  these 
pay  in  the  sense  of  a  commercial  undertaking,  but  the  Governmentand 
the  people  as  a  whole  secure  a  larger  share  of  prosperity  through 
making  possible  the  opportunities  for  the  pursuit  of  various  industries- 


„Googlc 


f>.  Home  mxlr  ixiwilik'  by  Inijiali""' 

Sod  Houses  of  the  Subhumio  Plains. 


Google 


IRRIQATION.  417 

The  National  Government  ha.s  already  begun  in  part  the  work  of 
reclamation  by  setting  aside  the  summitti  of  the  mountains  from  which 
i^aue  the  rivers  most  important  in  irrigation,  and  creating  these  into 
forest  reaei-ves  for  the  beneficial  influence  exercised  upon  the  stream 
flow.  It  is  necessary  to  go  ntill  farther,  and  build  within  these  forests 
certain  large  reservoirs  to  store  the  flood  waters  and  regulate  the  flow 
of  the  streams.  These  should  never  fall  into  private  or  sp<^culattve 
control,  but  should  be  administered  for  the  benefit  of  the  communities 
situated  often  in  various  Htates. 

The  people  of  the  country  have  made  strenuous  cffoi'ts  to  utilize 
some  of  the  lands  now  waste,  and  by  individual  experiment  and  failure 
have  demonstrated  that  certain  portions  of  these  crops  can  be  raised 
without  irrigation.  The  actrompanying  small  map  (fig.  5)  shows,  in 
black,  the  localities  where  o-ops  have  been  and  can  sometimes  be 
raised  by  what  is  known  us  dry  farming;  that  is,  without  the  arti- 
ficial application  of  water.  "East  of  the  97th  meridian  nearly  all  crops 
are  thus  raised,  but  west  of  it  the  dry-fanning  ava&a  mpidly  diminish 
in  extent.  In  western  Kansas  and  Nebraska  there  are  comparatively 
few  places  where  crops  are  successful  more  than  three  years  out  of 
five.  During  the  years  or  cycles  of  unusual  moisture  settlement  has 
progressed  westward  across  these  States  and  people  have  built  homes, 
using  for  building  material  the  tough  sod  which  covers  the  ground, 
this  lieing  the  only  available  material  in  a  country  destitute  of  trees 
and  stones.  The  recurring  droughts,  however,  have  compelled  many 
of  these  people  to  abandon  their  dry  farms,  and  thousands  of  homes 
have  been  ruined,  the  only  people  left  in  the  country  being  those  who 
have  secured  a  water  supply  through  wells.  The  contrasting  condi- 
tions are  illustrated  in  PI.  IV,  showing  the  ruined  sod  house  and  the 
successful  home,  the  latter  rendered  possible  by  obtaining  a  water 
supply. 

The  laws  and  customs  governing  the  riparian  rights  in  the  humid  and 
semihumid  portions  of  the  country  have  l)een  modified  or  made  of  no 
effect  in  the  States  and  Territories  lying  within  the  arid  region.  It  is 
there  recognized  that  water  is  part  of  the  common  stock  necessary  for  life 
and  industry,  to  Iwdmwn  upon  by  all  in  accordance  with  certain  orderly 
procedures.  The  United  States,  the  original  owner  of  the  land,  and 
still  the  possessor  of  the  greater  part  of  it,  alone  has  the  right  and  the 
ability  to  conserve  the  waters  for  the  best  interests  of  the  several 
States  and  comnmnities.  Proprietorship  of  water  should  never  be 
recognized,  but  the  rights  of  each  person  who  can  put  a  certain 
amount  to  beneficial  use  should  be  clearly  recognized  and  guarded  in 
the  order  of  prioritj-,  lieneficlal  use  being  the  measure  and  the  limit  of 
any  right 

The  laws  in  the  difl'crent  States  of  the  arid  region  differ  widely,  but 
there  are  certain  underlying  principles  which  are  being  established  by^|^^ 
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court  decisioDs.  and  throujfh  these  most  of  the  complications  Rre  bein;^ 
satisfactorily  solved.  The  conditions  which  arise  where  a  gtream 
crosses  State  borders  are,  however,  beyond  the  control  of  local  le^s- 
latures  and  must  come  within  the  cognizance  of  Congress. 

The  cost  of  irrigation  has  been  as  low  as  from  $2  to  $6  per  acre,  irri- 
gated by  the  original  or  pioneer  ditches.  This  matter  has  been 
thoroughly  discussed  by  the  Eleventh  and  Twelfth  Censuses,  and  the 
average  cost  of  bringing  water  to  the  land  throughout  the  country  i» 
shown  to  have  been,  in  round  numbers,  $12  an  acre.  The  average 
annual  cost  of  maintenance,  repairs,  or  fees  paid  for  conveying  the 
water  ha-s  been  (11.25  per  acre.  In  case  of  more  expensive  works  built 
by  corporations  the  cost  of  reclaiming  the  lands  has  ranged  as  high  as 
$2U  an  acre,  or  even  $2.5.  Such  land  in  first  cost  can  not  coaipete 
with  that  offered  for  sale  in  the  Mississippi  Valley,  The  expensive 
irrigated  Unds  have  the  advantage  of  continual  cropping,  the  ground 
being  immediately  prc{)arcd  for  seeding  as  soon  as  one  crop  is  removed; 
or,  in  the  ca^e  of  alfalfa,  one  cutting  follows  another  throughout  the 
year,  as  many  as  seven  crops  being  had  from  an  acre- 
Private  enterprise  has  already  gone  nearly  to  its  full  limit.  State 
action  has  been  contincd  almost  wholly  to  attempted  improvement  in 
legislation  and  control  of  the  distribution  of  the  water  among  the  irri- 
gators. National  works  are  ))eing  urged  by  those  who  have  most  thor- 
oughly studied  the  subject,  upon  the  ground  that  the  nation  alone  is 
in  a  position  to  conserve  the  water  supply,  since  it  controls  the  land 
and  the  sources  of  most  of  the  important  streams.  It  is  not  suggested 
that  there  should  be  an  interference  with  vested  rightit,  nor  with  the 
distribution  of  water  to  the  irrigators  by  State  officials  wherever  such 
exist.  Under  any  isuggested  combination  of  interests  in  reclamation 
the  nation  nmst  construct  the  reservoirs,  the  large  tunnels  and  diver- 
sion work.s  from  great  rivers,  the  experimental  deep  or  artesian  wells 
(PI.  V)  which  demonstiute  the  existence  of  underground  supplies  in 
desert  areas,  and  other  works  the  magnitude  of  which  entails  cost  too 
great  for  private  enterprise  or  too  far-reaching  for  State  action. 

The  recognition  of  irrigation  as  a  great  national  problem  was  fir.-st 
prominently  given  by  Maj.  .lohn  Wesley  Powell,  for  more  than  thir- 
teen years  the  Director  of  the  United  States  Geological  Survey. 

In  his  explorations  of  the  West,  made  shortly  after  the  Civil  War, 
Major  Powell  became  impressed  with  the  magnitude  of  the  resources 
of  the  country,  and  the  dependence  of  these  upon  water  conservation 
and  the  largest  development  of  irrigation.  His  report  on  the  lands  of 
the  arid  region,  printed  in  1879,  is  regaixled  as  a  classic  on  the  subject. 
The  weight  of  his  personality  and  the  impress  made  upon  membei's  of 
Congress  ivsultcd  tinully  in  the  authorization,  in  1888,  of  specific 
examinations  of  the  extent  to  which  the  arid  lands  can  \>e  reclaimed. 
Soon  after  this  work  was  l)egun,  it  was  thought  hy  some  that  thitt 
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larger  utilization  of  the  resources  of  the  West  would  int*irfeie  to  a 
certain  extent  with  other  projects,  and  the  cattlemen  in  particular,  who 
at  that  time  were  not  friendly  to  the  development  of  irrigation,  pro- 
tested against  what  they  termed  national  "interfei-eni-e"  with  their 
exclusive  use  of  the  lands  belonging  to  all. 

A  select  committee  of  the  United  States  Senate  was  appointeil  to 
investigate  the  whole  iiubject.  and  made  n  trip  through  the  arid  lands, 
accompanied  by  Major  Powell.  The  report  of  this  ctinmiittee,  in  four 
volumes,  emlxtdies  tbf  oliservations  and  testimony,  together  with  a 
majority  and  minority  report,  the  lutter  outlining  the  line  of  action 
which  Major  Powell,  fixim  his  thorough  study  of  the  region,  deemed 
most  feasible. 

The  results  of  the  diversity  of  opinion  developed  at  that  time  were 
disastrous  to  immediate  progress,  but,  public  interest  being  aroused, 
resulted  in  the  gradual  crystallization  of  ide^s  along*the  lines  which 
Major  Powel!  had  suggested,  so  that  by  the  end  of  the  decade,  state-, 
ments  of  fact"  which  had  aroused  violent  opposition  at  the  outset  were 
no  longer  disputed,  hut  belonged  to  common  knowledge. 

It  is  not  too  much  to  say  that  the  people  of  the  Ignited  States,  par- 
ticularly those  of  the  West,  owe  to  Major  Powell  a  debt  of  gratitude 
for  the  manner  in  which  he  brought  forwaixl  the  whole  <]uestion  of 
reclamation  of  the  public  lands  and  placed  it  far  in  advance  of  what  it 
would  otherwise  have  been. 

The  investigation  of  the  arid  regions  was  never  actually  dropped 
after  it  was  once  liegun,  although  it  languished  for  a  number  of  years. 
Now  life  and  energy  were  infused  by  Major  Powell's  successor,  the 
present  Director  of  the  United  States  Geological  Survey,  Hon.  Charles 
D.  Walcott,  and  a  great  popular  movement  has  been  started  by  an 
organization  known  af<  the  "National  Irrigation  Association,"  com- 
posed largely  of  prominent  citizens  concerned  in  public  affairs,  phil- 
anthropists, east4.Tn  manufacturers,  the  representatives  of  ti~anspoi'- 
tatiun  interests,  labor  leaders,  and  othei's  who  see  in  the  arid  West  a 
great  potential  market  for  goods  and  for  labor,  as  well  as  an  outlet 
for  the  growing  population. 

A  culmination  has  finally  been  reached  in  the  report  of  the  Secre- 
tary of  the  Interior  recommending  the  immediate  construction  of 
certain  large  works;  and  most  notably  in  the  direct  and  incrisive 
mess^e  of  President  Koosevelt,  bringing  the  attention  of  Congress 
and  the  people  to  the  fact  that  the  utilization  of  the  water  resources 
of  the  West  is  one  of  the  greatest  internal  questions  of  the  day. 

All  intelligent  legislation  is  best  promoted  when  bused  upon  full 
knowledge,  and  an  enterprise  so  vast  in  its  ultimate  magnitude  should 
be  undertaken  only  after  thorough  study  of  present  conditions  and 
future  needs.  The  actual  work  of  construction  of  reclamation  proj 
ccts  should  be  entered  ujjon  only  after  a  full  knowledge  has  l>ecn^lja4io|c 
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of  the  cost  and  benefits  of  ea<;h,  and  eveiy  individual  scheme  should 
be  considered  solely  upon  its  own  merits  and  its  relation  to  the  fuil 
ultimate  development  of  the  country.  Thi>>  work.  a.s  above  stated,  has 
already  been  committed  by  Congress  to  the  Geological  Survey,  which 
in  18SS  was  authorized  tu  liegin  the  investigation  of  the  extent  to  whict 
the  arid  lands  could  be  reclaimed  by  irrigation.  In  the  succeeding 
j'ears  this  organization  has  been  systematically  measuring  streams, 
surveying  reservoir  sites,  and  has  now  a  fully  equipped  and  expcri- 


^ 

§ 

SC^      T    ""'           '                  p»!a. 

enced  corps  of  hydraulic  engineers,  many  of  whom  have  had  experi- 
ence in  the  construction  of  lar^e  works. 

The  necessity  for  prompt  action  is  shown  by  the  way  in  which  the 
remaining  public  lands  nre  being  taken  up  by  sjicculators.  It  has 
been  pointed  out  by  recent  studentjf  and  writers  upon  the  subject  that 
although  several  million  acii's  are  being  disposed  of  annually,  yet 
these  are  not  passing  into  the  hands  of  people  who  arc  making  homes 
upon  them,  and  that  the  home-stead  and  dejiert-land  act  is  b<.^ing  used 
as  it  means  for  securing  titles  to  lands  which  ai-e  not  brought  under 
cultivation.  C  .(.IDi^lc 
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aoaw^r  i.s  that  the  Ciovernmnnt  in  thi^  great  landowner  of  th<>  western 
half  of  the  United  SUtos.  and  that  it  is  for  the  int<-n-sU  of  ail  uf  the 
people  of  the  i-ountry  to  have  these  lands  settled  by  men  tilling  their 
own  farms;  but,  more  than  this,  agriculture  in  an  arid  region  yields 
results  far  gn-ater  than  in  humid  climates  or  those  of  uncontrollable 
moisture.  In  countries  where  the  sun  shines  every  day  the  develop- 
ment of  plant  life,  with  proper  moisture,  is  far  greater  than  in  regions 
of  prevailing  clouds  and  occasional  storms.  The  yield  per  acre  is 
greater,  and  where  the  temperature  is  favomble  crop  follows  crop 
throughout  the  year.  With  uiilimite<l  sunshine  and  properly  i-egii- 
lated  moisture  the  farmer  has  a  far  safer  and  more  remunerative 
occupation  than  in  the  Ea^t. 

Irrigation  pi-operly  conducted  means  intensive  farming,  the  cultiva- 
tion of  the  soil  in  the  heat  possible  manner,  and  diversitied  crops. 
The  area  which  any  one  man  can  cultivate  under  such  conditions  is  far 
less  and  the  yield  per  acre  correspondingly  greater.  In  the  best  irri- 
gated regions  farms  are  very  small,  the  avei-age  size  of  cultivated 
area  in  Utah  being  less  than  30  acres.  Small  farms  and  the  economy 
which  must  be  practiced  in  conveying  water  results  in  comparatively 
dense  rural  population.  In  southern  California  the  irrigated  tracb 
in  orchards  and  vineyards  are  so  small  that  the  farming  region  takes 
on  the  appearance  of  suburban  communities.  The  houses,  instead  of 
being  a  mile  apart,  as  on  the  prairies  and  plains  of  the  central  part  of 
the  country,  are  within  a  few  rods  of  one  another.  Social  intercourse 
is  possible,  good  roads  are  assured,  and  rapid  communication  through 
electric  car  lines. 

Cultivation  of  arid  lands  by  means  of  irrigation  results  in  a  far 
higher  type  of  civilization  than  is  po.'ssible  on  isolated  and  lonely 
farms,  Diversitied  agriculture,  the  raising  of  vegetables  and  small 
fruits,  and  the  keeping  of  various  domestic  animals  also  necessitate 
gi-catcr  mental  as  well  as  physical  activity,  continuous  employment  for 
all  the  members  of  a  family,  and  many  minor  industries  impossible 
where  attention  is  concentiuted  upon  a  single  crop,  such  as  wheat, 
corn,  or  cotton. 

The  small  farms  so  successful  under  irrigation  make  possible  a  colony 
life  such  as  that  prat^ticed  by  the  Mormons  in  Utah  and  exemplified 
in  the  early  history  of  the  (ji-eeley  Colony  in  Colorado.  The  siictcss 
attained  has  led  to  a  most  interesting  experiment,  that  of  the  Salvation 
Army  helping  the  people  to  get  back  to  the  soil.  In  their  work  in 
big  cities  the  Salvation  Army  has  come  across  almost  innumerable 
men  and  women  who  are  eagei'  foi'  an  opportunity  to  get  away  and 
start  life  anew  in  the  open  air.  Out  of  the  thousands  of  applications 
there  have  been  selected  certain  families  apparently  best  qualified  for 
success,  and  these  have  been  liK-ated  upon  small  irrigable  farms. 
Nothing  is  actually  given  these  people  outright  except  the  opportunity 
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to  help  themselves.  They  arc  riold  a  tract  of  land  and  a  ijuiall  house, 
iiC(.HSSfuiry  tools,  and  ae^d  upon  credit,  and  arc  given  a  reasonable  time 
to  repay  the  loan  thus  made,  with  interest.  From  one  aspect  the 
enterprise  might  be  regarded  as  money-making,  but  from  the  higher 
standpoint  it  is  one  of  the  greatest  philanthropies  yet  undertaken. 

This  work  of  the  Salvation  Army  in  establishing  colonies  in  Colo- 
rado and  in  California  is  really  more  than  an  experiment,  for  sufficient 
time  has  elapsed  to  give  it  trial,  and  its  success  may  be  considered  as 
demonstrated— sufiScie ntl J,  at  least,  to  justify  further  and  larger 
efforts  along  this  line.  It  is  not  iielieved  that  the  "submerged  tenth" 
can  be  lifted  bodily  and  put  upon  the  land  to  become  successful  farm- 
ers, but  the  weight  of  humanity  above  this  tenth,  the  keen  struggle  of 
those  a  little  better  off,  helps  to  submerge  the  despairing  portion  of 
the  community  and  to  obstruct  every  avenue  of  escape.  Relief  from 
the  congested  conditions  of  the  cities  can  come,  in  part  at  least, 
through  furnishing  opportunities  for  those  who  are  able  to  go  out 
upon  the  land  and  to  become  independent  landowners  and  citizens. 
Ordinary  farming  can  not  offer  any  attraction  to  these  people,  who 
have  spent  much  of  their  lives  in  the  cities,  as  they  are  largely  depend- 
ent upon  keeping  in  crowds.  The  small  farm  and  the  suburban  life 
possible  under  irrigation  alone  make  it  possible  for  such  people  to 
leave  the  (^ity  environment  and  become  tillers  of  the  soil. 

To  sum  up  the  problem,  we  may  say  that  we  have  a  vast  extent  of 
vacant  public  land  of  wonderful  fertility;  we  have  water  which  will 
make  a  portion  of  this  productive;  we  have  the  people  who  are  seek- 
ing an  opportunity  to  make  a  living,  and  who  would  gladly  escape 
from  the  congestion  of  the  cities;  and  we  have  the  public  funds  and  the 
public  interest  toward  developing  our  country  to  the  highest  degree; 
but  we  are  a  long  way  from  bringing  these  powerful  forees  to  effective 
action.  We  arc  allowing  the  lands  so  necessary  to  the  development  of 
the  nation  to  drift  out  of  its  control;  we  are  allowing  the  waters  and 
the  opportunities  to  conserve  them  to  be  monopolized  and  become 
subject  for  speculation;  and  we  are  allowing  bari'iers  to  be  gradually 
erected  shutting  off  the  opportunities  for  development  of  our  great 
internal  resources. 
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THE  PALACE  OF  MINOS.' 


By  Artihih  J.  Evans, 


LcKR  than  a  gcn(>ration  back  the  origin  of  (ifcok  (Mvilization,  and  with 
it  the  sources  of  all  great  culture  that  hiu's  ever  Iwen,  were  wrapped 
in  an  impenetrable  mitit.  That  ancient  world  was  still  girt  round 
within  its  nari-ow  confines  by  the  oiroling  "stream  of  ocean,"  Was 
there  anything  beyond?  The  fabled  kings  and  heroes  of  the  Homeric 
Age,  with  their  palaces  and  strongholds,  wei-e  they  aught^  after  all, 
but  more  or  less  humanized  sun  mythsJ 

One  man  had  faith,  accompanied  by  works,  and  in  Dr.  Schlieniann 
the  science  of  classical  antiquity  found  its  Ooluuihus.  Anned  with  the 
spade  he  brought  to  light  from  beneath  the  mounds  of  ages  a  teal 
Troy;  at  Tiryns  and  Mycenie  he  laid  bare  the  palace  and  the  tombs 
and  treasures  of  Homeric  kings.  A  new  world  opened  to  investiga- 
tion, and  the  discoveries  of  its  first  explorer  were  followed  up  success- 
fully by  Dr.  Tsountas  and  othei-s  on  Greek  soil.  The  eyes  of  observei-s 
were  opened,  and  the  traces  of  this  prehistoric  civilization  began  to 
make  their  appearance  far  beyond  the  limits  of  Greece  itself.  From 
Cypnis  and  Palestine  to  Sicily  and  southern  Italy,  and  even  to  the 
coasts  of  Spain,  the  colonial  and  industrial  enterprise  of  the  "Myce- 
nseans"  has  left  its  mark  throughout,  the  Mediterranean  basin.  Pro- 
fessor Petrie's  researches  in  Egypt  have  conclusively  shown  that  as 
early  at  least  as  the  close  of  the  Middle  Kingdom,  or,  approximately 
speaking,  the  beginning  of  the  second  millennium  B.  C.  inipoited 

•Rtprinted  from  the  Monthly  Review,  Vol.  II,  Lomlon,  January-March,  1901,  pp. 
115-132.  The  most  scientJBc  account  ot  the  exploration  ot  the  Cretan  labyrinth  ia 
the  official  statement  of  Mr.  Evana  in  the  Annual  of  the  Britiuh  School  at  Athens, 
lit99-1900.  The  following  iH  a  brief  list  of  papers  on  the  subject  by  men  who  spoaM 
with  authority;  (1)  Paul  Wallers  in  Arch.,  August,  1900,  3,  pp.  141-151  (pi.;  6 
flgs.);  (2)  Mr.  Evans,  Biblia,  September,  1900;  (It)  Mr.  Evans  and  Mr.  D.  K. 
Hogarth,  Biblia,  January,  1901  (see  also  Biblia,  November  and  December,  1900); 
(4|  Mr  Louis  Dyer,  the  Nation,  August  2,  1900;  (S)  Mr.  Kvatis,  Murray's  Monthly 
MagBuine,  February,  1901,  a  d  (C)  -Mr.  Hogarth  in  the  Contemporary  Review, 
December,  1900.  In  Biblia,  1901,  pp.  121-128,  Mr.  Rvanx  deseribes  the  recent  dis- 
coveriefl  at  Kmieaua  up  to  the  middle  of  May;  and  the  Nation,  June  27,  1901,  ron- 
Cains  extracts  from  letters  of  Mr.  Kvana  to  the  Times  dated  May  lli  ami  June  12, 
telling  of  the  latest  results.  ,-.  , 
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.^^gean  rosea  were  finding  their  way  into  the  Nile  Valley,  By  the 
great  days  of  the  eighteenth  dynasty,  in  the  sixteenth  and  succeeding 
centuries  B.  C,  this  intercourse  was  of  such  a  kind  that  Mycenaean 
art,  DOW  in  its  full  maturity  of  bloom,  was  reacting  on  that  of  the  con- 
temporary Pharaohs  and  infusing  a  living  F^uropean  element  into  the 
old  conventional  style  of  the  land  of  the  Pyramids  and  the  Sphinx. 

But  the  picture  was  still  very  incomplete.  Nay,  it  might  even  be 
said  that  its  central  hgure  was  not  yet  filled  in.  In  all  these  excava- 
tions and  researches  the  very  land  to  which  ancient  tradition  unani- 
mously pointed  as  the  cradle  of  Gi'eek  civilization  had  been  left  out  of 
count.  To  adapt  the  words  applied  by  tielon  to  slighted  Sicily  and 
Syracuse,  "The  spring  was  wanting  from  the  year"  of  that  earlier 
Hellas.  Yet  Crete,  the  central  island — a  half-way  house  between  three 
continents— flanked  by  the  great  Libyan  promontory  and  linked  by 
smaller  island  stepping  stones  to  the  Feloponnese  and  the  mainland  of 
Anatolia,  was  called  upon  by  nature  to  play  a  leading  part  in  the  devel- 
opment of  the  early  ^gean  culture. 

Here,  in  his  royal  city  of  Knossos,  ruled  Minos,  or  whatever  historic 
personage  is  covered  by  that  name,  and  founded  the  first  sea  empire  of 
Greece,  extending  his  dominion  far  and  wide  over  the  vSgean  isles  and 
coast  lands.  Athens  paid  to  him  its  human  tribute  of  youths  and  maidens. 
His  colonial  plantations  extended  east  and  west  along  the  Mediterranean 
basin  till  Gaza  worshipped  the  Cretan  Zeus  and  a  Minoan  city  rose  in 
western  Sicily.  But  it  is  as  the  first  lawgiver  of  Greece  that  be  achieved 
his  greatest  renown,  and  the  code  of  Minos  became  the  source  of  all 
later  legislation.  As  the  wise  ruler  and  inspired  lawgiver  there  is 
something  altogether  biblical  in  his  legendary  character.  He  is  the 
Ci"etan  Moses,  who  every  nine  years  I'epaired  to  the  cave  of  Zeus, 
whether  on  the  Cretan  Ida  or  on  Dicta,  and  i-eceived  from  the  god  of 
the  mountain  the  laws  for  his  people.  Like  Abraham,  he  is  described 
as  the  "friend  of  God."  Nay,  in  some  a<!countj,  the  mythical  being  of 
Minos'  has  a  tendency  to  blend  with  that  of  his  native  Zeus. 

This  Cretan  Zeus,  the  god  of  the  mountain,  whose  animal  figure  was 
the  bull  and  whose  symbol  was  the  double  ax,  had  indeed  himself  a 
human  side,  which  distinguishes  him  from  his  more  ethereal  namesake 
of  classical  Greece.  In  the  great  cave  of  Mount  Dicta,  whose  inmost 
shrine,  adorned  with  natural  pillars  of  gleaming  stalactite,  leads  deep 
down  to  the  waters  of  an  unnavigated  pool,  Zeus  himself  was  .said  to 
have  been  born  and  fed  with  honey  and  goat's  milk  by  the  nymph 
Amaltheia.  On  the  conical  height  immediately  above  the  site  of 
Minos's  city^now  known  as  Mount  Juktus — and  still  surrounded  by  a 
Cyclopean  inclosure,  was  pointed  out  his  tomb.  Classical  Greece 
scoffed  at  this  primitive  legend,  and  for  this  particular  reason  first 
gave  currency  to  the  proverb  that  "  the  Cretans  are  always  liars." 
St.  Paul,  too,  adopted  this  hard  saying,  but  in  Crete  itself  the  new 
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religion,  whii^h  here,  as  elsewhere,  ao  eagerly  nvailed  itself  of  what 
might  aid  itis  own  propug^anda  in  existing  Ixtlief ,  seems  to  have  dealt 
mure  gently  with  the  Hcenoj  of  the  lowly  birth  and  holy  i^epulcher  of  a 
mortal  god.  On  the  height  of  Juktas,  on  the  peaks  of  Dicta,  which 
overlooked,  one  the  birthplace,  the  other  the  temple  of  the  Cretan 
Zeus,  pioud  handu  have  built  chapels,  the  scenes  of  annual  pilgrimage, 
dedicated  to  Authent^s  Christos,  "the  Ijord  Christ."  In  his  shrine  at 
Gaza  the  Minoan  Zeus  had  already  in  pagan  dayi^  received  the  distin- 
guished epithet  of  Mariiaji,  "the  lord"  in  its  Syrian  fomi. 

If  Minos  wa»i  the  first  lawgiver,  his  craftsman  Dtedalus  was  the  first 
traditional  founder  of  what  may  be  called  a  "school  of  art."  Many 
were  the' fabled  works  wrought  by  them  for  King  Minos,  some  grew- 
some,  like  the  brass  man  Talos.  In  Enossos,  the  royal  city,  he  built 
the  damping  ground,  or  "choros,^'  of  Ariadne,  and  the  famous  laby- 
rinth. In  its  inmost  maze  dwelt  the  minotaur,  or  "bull  of  Minos," 
fed  daily  with  human  victims,  till  such  time  as  Theseus,  guided  by 
Ariadne's  ball  of  thread,  penetrated  to  its  lair,  and,  after  slaying  the 
monster,  rescrued  the  captive  youths  and  maidens.  Sueh,  at  least,  was 
the  Athenian  tale.  A  more  prosaic  ti-adition  saw  in  the  labyrinth  a 
building  of  many  passages,  the  idea  of  which  Da>dalus  had  taken  f  i-om 
the  great  Egyptian  mortuaiy  temple  on  the  shores  of  Lake  Moeris,  to 
which  the  Greeks  gave  the  same  name;  and  recent  philological  research 
has  derived  the  name  itself  from  the  labrya,  or  double  ax,  the  emblem 
of  the  Cretan  and  Carian  Zeus. 

Mythological  speculation  has  seen  in  the  labyrinth,  to  use  the  words 
of  a  learned  Gcnnan,  "a  thing  of  belief  and  fancy,  an  image  of  the 
starry  heaven  with  it«  infinitely  winding  paths,  in  which,  nevertheless, 
the  sun  and  moon  so  surely  move  about."  We  shall  see  that  the  spade 
has  supplied  a  .simpler  solution. 

When  one  calls  to  mind  these  convei^ing  lines  of  ancient  tradition 
it  becomes  impossible  not  to  feel  that,  without  Crete,  "the  spring  is 
taken  away"  indeed  from  the  Mycencean  world.  Great  as  were  the 
results  obtained  by  exploration  on  the  sites  of  this  ancient  culture  on 
the  Greek  mainland  and  elsewhere,  there  was  still  a  sense  of  incom- 
pleteness. In  nothing  was  this  more  striking  than  in  the  absence  of 
any  written  document.  A  few  signs  had,  indeed,  been  found  on  a  vase 
handle,  but  these  were  set  aside  as  mere  ignorant  copies  of  Hittite  or 
Egyptian  hieroglyphs.  In  the  volume  of  his  monumental  work  which 
deals  with  Mycen^an  art,  M.  Perrot  was  reduced  to  the  conclusion 
that,  "as  at  present  advised,  we  can  continue  to  affirm  that  for  the  whole 
of  thi«  perioil,  neither  in  Peloponnese  nor  in  central  Greece,  no  more 
upon  the  buildings  nor  upon  the  thousand  and  one  objects  of  domestic 
use  and  luxury  that  have  come  forth  from  the  tombs,  has  anything 
been  discovered  that  resembles  any  foi"m  of  writing." 

But  waa  this,  indeed,  the  last  word  of  scientific  exploi-atioal     Was 
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it  possible  that  a  people  so  advanced  in  other  respects — standing  in 
such  intimate  relations  with  E^rypt  and  the  Sjrian  lands  where  some 
form  of  writing  had  been  an  almost  immemorial  poissession — should 
have  been  absolutely  wanting  in  this  most  essential  element  of  civili- 
zation? I  could  not  believe  it.  Once  more  one's  thoughts  turned  to 
the  land  of  MinoH,  and  the  question  irresistibly  suggested  itself — was 
that  early  berit^e  of  tixed  laws  compatible  with  a  complete  ignorance 
of  the  art  of  writing?  An  abiding  tradition  of  the  Cretans  themselves, 
preserved  by  Diodoros.  shows  that  they  were  better  informed.  The 
Phcenicians,  they  said,  bad  not  invented  letters;  they  had  simply 
changed  their  forms;  in  other  words,  they  had  only  improved  on  an 
existing  system. 

It  is  now  seven  years  since  a  piece  of  evidence  came  into  my  bands 
which  went  far  to  show  that  long  before  the  days  of  the  introduction 
of  the  Phtenician  alphabet,  as  adopted  by  the  later  (rreeks,  the  Cretans 
were,  in  fact,  possessed  of  a  system  of  writing.  While  hunting  out 
ancient  engraved  stones  at  Athens  I  came  upon  some  thi-ee  and  four 
sided  seals  showing  on  each  of  their  faces  groups  of  hieroglyphic  and 
linear  signs  distinct  from  the  Egyptian  and  Hittite,  but  evidently  rep- 
resenting some  form  of  script.  On  inquiry  I  learned  that  these  seals 
had  been  found  in  Crete.  A  clue  was  in  my  hands,  and.  like  Theseus, 
I  resolved  to  follow  it,  if  possible  to  the  inmost  recesses  of  the  laby- 
rinth. That  the  source  and  center  of  the  great  Mycenteau  civilization 
remained  to  be  unearthed  on  Cretan  soil  1  had  never  doubted,  but  the 
prospect  now  opened  of  finally  discovering  its  written  i-ecords. 

From  1894  onward  I  undertook  a  series  of  campaigns  of  exploration 
chiefly  in  central  and  eastern  Crete.  In  all  directions  fresh  evidence 
continually  came  to  light — Cyclopean  ruins  of  cities  and  strongholds, 
beehive  tomlis,  vases,  votive  bronzes,  exquisitely  engraved  gems— 
amply  demonstrating  that  in  fact  the  great  days  of  that  "island  story'' 
lay  far  behind  the  historic  period.  From  the  Mycensean  sites  of  Crete 
I  obtained  a  whole  series  of  inscribed  seals,  such  as  I  had  first  noticed 
at  Athens,  showing  the  existence  of  an  entire  system  of  hieroglyphic 
or  quasi  pictorial  writing,  with  here  and  there  signs  of  the  coexisteni-e 
of  more  linear  forms.  From  the  great  cave  of  Mount  Dicta — the  biith- 
place  of  Zeus — the  votive  deposit"  of  which  have  now  been  thoroughly 
explored  by  Mr.  Hogarth,  I  procured  a  stone  libation  table  inscribed 
with  a  dedication  of  several  characters  in  the  early  Cretan  script.  But 
for  more  exhaustive  excavation  nij'  eyes  were  fixed  on  some  ruined 
walls,  the  gi'eat  gypsum  blocks  of  which  were  engraved  with  curious 
symbolic  characters,  that  crowned  the  southern  slope  of  a  hill  known 
as  Kepbala,  overlooking  the  ancient  site  of  Knossos,  the  city  of  Minos. 
They  were  evidently  part  of  a  large  prehistoric  building.  Might  one 
not  uncover  here  the  palace  of  King  Minos— perhaps  even  the  myste- 
rious labyrinth  itself?  ^->  ■ 
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These  blockfl  had  already  arrested  the  attention  of  S<'hliemann  and 
others,  but  the  difficulties  raised  by  the  native  proprietorn  had  defeated 
all  efforts  at  acientific  exploration.  In  1895  I  suweeded  in  acquiring 
a  quarter  of  the  site  from  one  of  the  joint  owners.  But  the  obstruc- 
tion continued,  and  1  was  beset  by  difficulties  of  a  more  serious  kind. 
The  ciR'umstances  of  the  time  were  not  favorable.  The  insurrection 
had  broken  out,  half  the  villages  in  Crete  were  in  a.shes,  and  in  the 
neighboring  town  of  Candia  the  most  fanatical  part  of  the  Mohanuiiedan 
population  were  collected  together  from  the  whole  of  the  island.  The 
faithful  Herakles,  who  was  at  that  time  my  "guide,  philosopher,  and 
muleteer,"  was  seized  by  the  Turks  and  thrown  into  a  loathsome  dun- 
geon, from  which  he  was  with  difficulty  rescued.  Soon  afterwards 
the  inevitable  massacre  took  place,  of  which  the  nominal  British  "occu- 
pants" of  Candia  were  in  part  themselves  the  victims.  Then  at  la.st 
the  sleeping  lion  was  aroused.  Under  the  guns  of  Admiral  Noel  the 
Turkish  commander  evacuated  the  Government  buildings  at  ten  min- 
uter' notice  and  shipped  off  the  IiSultan's  troops.  Crete  once  more  was 
free. 

At  the  beginning  of  this  year  I  was  at  last  able  to  secure  the  remain- 
ing part  of  the  site  of  Kephala,  and  with  the  consent  of  Prince  George's 
Government  at  once  set  aliout  the  work  of  excavation.  I  received 
some  pecuniary  help  from  the  recently  started  Cretan  exploration 
fund,  and  was  fortunate  in  securing  the  services  of  Mr.  Duncan  Mac- 
kenzie, who  had  done  good  work  for  the  British  school  in  Melos,  to 
assist  me  in  directing  the  works.  From  about  HO  to  150  men  were 
employed  in  the  excavation,  which  continued  till  the  heat  and  fevers  of 
June  put  an  end  to  it  for  this  season. 

The  result  has  bt!en  to  uncover  a  large  part  of  a  vast  prehistoric 
building — a  palace  with  its  nuniei'ous  dependencies,  but  a  palace  on  a 
far  larger  scale  than  those  of  Tiryns  and  Mycenie.  Aliout  '2  acres  of 
this  has  been  unearthed,  for,  by  an  exti-aordinary  piece  of  good  for- 
tune, the  remains  of  walls  began  to  appear  onlj-  a  foot  or  so.  often 
only  a  few  inches,  l>elow  the  surface.  This  dwelling  of  prehistoric 
kings  had  been  overwhelmed  by  a  great  catastrophe.  Everywhere  on 
the  hilltop  were  traces  of  a  mighty  <^x>nflagmtion:  Iturnt  )>eams  and 
charred  wooden  columns  lay  within  the  rooms  and  corridoi-s.  There 
was  here  no  gradual  decay.  The  civilization  represented  on  this  spot 
had  been  cut  short  in  the  fullnei^s  of  its  bloom.  Nothing  later  than 
remains  of  the  good  Myceniean  period  was  found  over  the  whole  site; 
nothing  even  .so  late  as  the  last  period  illustrated  by  the  remains  of 
Mycense  itself.  From  the  day  of  da-itruction  to  this  the  site  has  l»ecn 
left  entirely  desolate.  For  three  thousand  years  or  more  not  a  tree 
seems  to  have  been  planted  here;  over  a  part  of  the  area  not  even  a 
plowshare  had  pu.ssed.  At  the  time  of  the  great  overthrow,  no 
doubt,  the  place  had  beau  methodically  plundered  for  metal  objects, 
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and  the  fallen  d^bi'i»  in  the  rooms  and  pasit^p^  turned  over  and  ran- 
sacked for  pret'ioua  booty.  Here  and  there  a  local  bey  or  peasant  had 
grubbed  for  utone  slabu  to  supply  his  yard  or  thrashing  flour.  Dut 
the  party  walls  of  clay  and  plaster  still  stood  intact,  with  the  fresco 
painting  on  them,  still  in  many  cases  perfectly  preserved  at  a  fe%«' 
inches  depth  from  the  surface,  a  clear  proof  of  how  severely  the  dito 
had  been  let  alone  for  these  long  centuries. 

Who  were  the  destroyers'?     Perhaps  the  Dorian  invaders,  whoiseeiii 
to  have  overrun  the  island  about  the  eleventh  or  twelfth   centurj- 
before  our  era.     More  probably,  still  earlier  invading  swanns  from 
the  mainland  of  Greece.     The  palace  itself  had  a  long  ant«i^pdent  his- 
tory and  there  are  frequent  traces  of  remodeling.     Its  early  elements 
may  go  back  a  thouHand  years  before  its  final  overthrow,  since,  in  the 
great  eastern  court,  was  found  the  lower  part  of  an  Egyptian  seated 
figure  of  diorite,  with  a  triple  inscription,  showing  that  it  dates  back 
to  the  close  of  the  twelfth  or  the  beginning  of  the  thirteenth  dynasty 
of  I^ypt;  in  other  words,  approximately  to  2,000  B.  C.     But  below 
the  foundation  of  the  later  building,  and  covering  the  whole  hill,  are 
the  remains  of  a  primitive  settlement  of  still  greater  antiquity,  belong- 
ing to  the  insular  Stone  Age.     In  parts  this  "Neolithic"  deposit  was 
over  24  feet  thick,  everywhere  full  of  stone  axes,  knives  of  volcanic 
glass,  dark  polished  and  incised  pottery,  and  primitive  images,  such 
as  those  found  by  Schliemann  in  the  lowest  strata  of  Troy. 

The  outer  walls  of  the  palace  were  supported  on  huge  gypsum  blocft*^ 
but  there  was  no  sign  of  an  elaborate  system  of  fortification  such  asat 
Tiryns  and  Mycenas.  The  reaaon  of  this  is  not  far  to  seek,  VHiy  is 
Paris  strongly  fortified,  while  London  is  pi-actically  an  open  town^ 
The  city  of  Minos,  itmustberememl»ered,  was  the  center  of  agreataea 
power,  and  it  was  in  "  wooden  walls"  that  its  ruleitt  must  have  put  their 
trust.  The  mighty  blocks  of  the  palace  show,  indeed,  that  it  was  not 
for  want  of  engineering  [xiwcr  that  the  acropolis  of  Knossos  remained 
unfortified.  But  in  truth  Mycena-an  might  was  here  »t  home.  At 
Tiryns  and  M.vcenw  itself  it  felt  itself  threatened  by  warlike  conti- 
nental neighbors.  It  was  not  till  the  mainland  foes  were  masters  of  the 
sea  that  they  could  have  forced  an  entry  into  the  house  of  Minos. 
Then,  indeed,  it  was  an  easy  task.  In  the  cave  of  Zeus  on  Mount  Ida 
was  found  a  large  brooch  (or  tibula)  lielonging  to  the  race  of  northern 
invaders,  on  one  side  of  which  a  war  galley  is  significantly  engravett. 

The  palace  was  entered  on  the  southwest  side  by  aporticoanddoulile 
doorway  opening  from  a  sjmcious  paved  court  (fig.  1).  Flanking  the 
portico  were  renmins  of  a  great  fresco  of  a  buil,  and  on  the  walls  of 
the  corridor  leading  from  it  wei-e  still  preserved  the  lower  part  of  a 
procession  of  painted  life-size  figures,  in  the  center  of  which  was  a 
female  personage,  probably  a  queen,  in  magnificent  apparel  This 
corridor  seems  to  have  led  loiuid  to  a  great  southern  ixirch  or  Propy- 
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Ifeum  with  double  columns,  the  walla  of  which  were  originally  decorated 
with  figures  in  the  same  style.  Along  nearly  the  whole  length  of  the 
building  ran  a  spacious  paved  corridor,  lined  by  along  row  of  fine  stone 
doorways,  giving  access  to  a  succession  of  magazines.  On  the  floor  of 
these  magazines  huge  store  jarw  were  still  .standing,  large  enough  to 
have  contained  the  "forty  thieves"  {fig.  "2).  One  of  these  jars,  con- 
tained in  a  small  separate  chamber,  was  nearly  5  feet  in  height  (fig.  3). 

Here  occurred  one  of  the  most  curious  discoveries  of  the  whole 
excaration.  Under  the  closely  compacted  [Mvcmentof  one  of  these 
magazines,  upon  which  the  huge  jarsstood.  there  were  built  in  between 
solid  piles  of  masonry  double  tiers  of  stone  cists  lined  with  lead. 
Only  a  few  were  opened  and  they  proved  to  be  empty,  but  there  can 
be  little  doubt  that  they  were  constructed  foi'  the  deposit  of  treasure. 
Whoever  destroyed  and  plundered  the  palace  had  failed  to  dis<»ver 
these  receptacles,  so  that  when  more  come  to  Iw  explored  there  is  some 
real  hope  of  finding  buried  hoards. 

On  the  east  side  of  the  palace  opened  a  still  larger  paved  court, 
'  approached  by  broad  steps  from  another  principal  entrance  to  the  north. 
Fro  iven  by  an  anteroom  (fig.  4)  to  what  was 

cert  chamber  of  the  whole  building,  almost 

asp  :h  some  twelve  centuries- older — as  any- 

thin  nic  ash  of  Pompeii  or  the  lava  of  Hercu- 

lant  les  below  the  surface  freshly  preserved 

f  res  Is  were  shortly  uncovered  decoi-ated  with 

flow  ivater,  while  on  each  side  of  the  dooi'way 

of  a  small  inner  room  stood  guardian  griffins  with  peaco(;ks'  plumes  in 
the  same  flowery  land.scape.  Kound  the  walls  ran  low  stone  benches, 
and  between  these  on  the  north  side,  separated  by  a  smnl)  interval  and 
raise<l  on  a  stone  base,  rose  a  gypsum  throne  with  a  high  back,  and 
originally  colored  with  decorative  designs.  Its  lowerpai't  was  adorned 
with  a  curiously  carved  arch,  with  crocketed  moldings,  showing  an 
extraoi'dinary  anticipation  of  .some  most  characteristic  features  of 
Gothic  Ri-chitectiire.  Opposite  the  throne  wasa  finely  wrought  tank  of 
gypsum  slabs — a  feature  borrowed  perhaps  from  an  Egyptian  palace — 
approached  by  a  descending  flight  of  steps,  and  originally  surmounted 
by  cyprus-wood  columns  supporting  u  kind  of  impluvium.  Here  truly 
was  the  council  cham)>er  of  a  Myccnwan  king  or  sovereign  lady.  It 
may  be  said  to-day  that  the  youngest  of  European  rulers  has  in  his 
dominions  the  oldest  throne  in  Eurojw  (fig.  h). 

The  frescoes  discovered  on  the  palace  site  constitute  a  new  epoch  in 
the  history  of  painting.  Little,  indeed,  of  the  kind  even  of  classical 
Greek  antiquity  has  been  hitherto  known  earlier  at  least  than  the 
Pompeian  series.  The  first  find  of  this  kind  marks  a  red-letter  day  in 
the  story  of  the  excavation.  In  itirefully  uncovering  the  earth  and 
debris  in  a  passage  ut  the  back  of  the  .southern  Propyla'um  there  came 


432  THB   PALACK   OF   M1N08.  I 

to  light  two  large  fragments  of  what  proved  to  be  the  upper  pai-t  of  a 
youth  l>earing  a  gold-mounted  silver  cup  (lig.  6).  The  robe  is  deco- 
rated with  a  )>eautifu1  quarterfoil  pattern;  a  silver  ornament  appears 
in  front  of  the  ear,  and  silver  rings  on  the  arms  and  neck.  What  is 
specially  inteixu^ting  amongthe  omanents  in  an  agate  gem  on  the  left 
wrist,  thufi  illustrating  theraannerof  wearing  the  beautifully  engraved 
signeta  of  which  many  clay  impressions  were  found  in  the  palace. 

The  colors  were  tilmost  as  brilliant  as  when  laid  down  over  three 
thousand  years  before.  For  the  first  time  the  true  portraiture  of  a 
man  of  this  mysterious  Mycensvan  race  rises  before  us.  The  fleah 
tint,  following  perhaps  an  Egyptian  precedent,  is  of  a  deep  ivddi^jh 
brown.  The  limbs  arc  finely  molded,  though  the  waist,  as  usual  in 
Mycentean  fashions,  is  tightly  drawn  in  by  a  silver-mounted  girdle, 
giving  great  relief  to  the  hips.  The  profile  of  the  face  i.s  pure  and 
almost  classically  Greek.  This,  with  the  dark  curly  hair  and  high 
brae hy cephalic  head,  recalls  an  indigenous  typo  well  represented  sti// 
in  the  glens  of  Ida  and  the  White  Mountains — a  type  which  brings 
with  it  many  reminiscences  from  the  Albanian  highlands  and  the 
neighboring  regions  of  Montenegro  and  Herzegovina.  The  lips  are 
somewhat  full,  but  the  physiognomy  has  certainly  no  Semetic  cast 
The  profile  rendering  of  the  eye  shows  an  advance  in  human  portrait- 
ure foreign  to  Egyptian  art,  and  only  achieved  by  the  artists  of  clas- 
sical Greece  in  the  early  fine-art  period  of  the  fifth  century  B.  C— 
after  (.ome  eight  centuries,  that  is,  of  barltaric  decadence  and  .slow 
revival. 

There  was  something  very  impressive  in  this  vision  of  brilliant 
3'outh  and  of  male  beauty,  I'ecalled  after  so  long  an  interval  to  our 
upper  jiir  fnnn  what  had  been  till  yesterday  a  forgotten  world.  Even 
our  untutored  Cretan  workmen  felt  the  .«pell  and  fascination.  They, 
indeed,  regarded  the  discovery  of  such  a  painting  in  the  bosom  of  the 
earth  as  nothing  less  than  miraculous,  and  saw  in  it  the  "icon"  of  a 
saint.  The  removal  of  the  fi-esco  required  a  delicate  and  laborious 
process  of  underplastering,  which  necessitated  its  being  watched  at 
night,  and  old  Maiiolis,  one  of  the  most  trustworthy  of  our  gang,  was 
told  off  for  the  purpose.  Somehow  or  other  he  fell  asleep,  but  the 
wmthful  saint  appeared  to  him  in  a  dream;  waking  with  a  start,  be 
was  conscious  of  a  mysterious  presence;  the  animals  round  began  to 
low  and  neigh  and  "there  were  vi.iions  about;"  ''  ^avTaC^t,"  he  said, 
in  summing  up  his  experiences  next  morning,  "the  whole  place 
spooks ! " 

To  the  north  of  the  palace,  in  some  rooms  that  seem  to  have 
belonged  to  the  women's  quarter,  fi-escoes  were  found  in  an  entirely 
novel  miniature  style.  Here  were  ladies  with  white  complexions — 
due,  we  may  fancy,  to  the  seclusion  of  harem  life — d^coUetes,  but  with 
fashionable  puffed  sleeves  and  flounced  gowns,  and  their  hair  as  elab- 
orately culled  and  fris^  as  if  they  were  fresh  fi'om  a  coiffeur's  bands. 


Sn>i1hKniin  Rtport,  1K)1.— Eiuii. 


FiQ.  6.— Fresco  of  the  Cupbearer  iOriginal  Life  Size). 
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"Mais," exclaimed  a  French  savant  wlio  honored  me  with  avisit,  "ees 
sent  des  Parisiennes! " 

They  were  seated  in  groups,  engaged  in  animated  conversation,  in 
the  courts  And  gardens  and  on  the  balconies  of  a  palatial  building, 
while  in  the  walled  spaces  beyond  were  large  crowds  of  raen  and  boys, 
some  of  them  hurling  javelins.  In  some  cases  l>oth  sexes  were  inter- 
mingled. These  alternating  scenes  of  peace  and  war  recall  the  subjects 
of  Achilles'  shield,  and  we  have  here  at  the  same  time  n  contemporary 
illustration  of  that  populousness  of  the  Cretan  cities  in  the  Homeric 
age  which  struck  the  imagination  of  the  bard.  Certain  fragments  of 
fresco  belong  to  the  still  earlier  period  of  ^gean  art,  which  precedes 
the  Mycensean,  well  illustrated  in  another  field  by  the  elegant  paint«d 
vases  found  by  Mr.  Hogarth  in  some  private  houses  on  this  site.  A 
good  idea  of  the  refinement  already  reached  in  these  earlier  days  of 
the  palace  is  given  by  the  subject  of  one  fresco  fi-agment  in  this  "pre- 
Mycentean"  style— namely,  a  boy,  in  a  field  of  white  crocuses,  some 
of  which  he  has  gathered  and  is  placing  in  an  ornamental  vase. 

Vei-y  valuable  architectural  details  were  .supplied  by  the  walls  and 
buildings  of  some  of  the  miniature  frescoes  above  described.  In  one 
place  ro.se  the  fapade  of  a  small  temple,  with  tiiple  cells,  containing 
sacred  pillars,  and  representing  in  a  more  advanced  form  the  arrange- 
ment of  the  small  golden  shrines,  with  doves  perched  upon  them, 
found  by  Schliemann  in  the  shaft  graves  at  Mycente.  This  temple 
fresco  haj  a  peculiar  interest,  as  showing  the  character  of  a  good  deal 
of  the  upper  structure  of  the  palace  itself,  which  has  now  perished. 
It  must  largely  have  consisted  of  clay  and  rubble  walls,  artfully  con- 
cealed under  brilliantly  painted  plaster,  and  contained  and  supported 
by  a  woodwork  framing.  The  base  of  the  small  temple  rests  on  the 
huge  gypsum  blocks  which  form  so  conspicuous  a  feature  in  the  exist- 
ing remains,  and  below  the  central  opening  is  inserted  a  frieze,  recall- 
ing the  alabaster  reliefs  of  the  palace  hall  of  Tiryns,  with  triglyphs, 
the  prototypes  of  the  Doric,  and  the  half-r<isettes  of  the  "  metopes  " 
inlaid  with  blue  enamel,  the  Kyanos  of  Homer. 

A  ti'ansition  from  painting  to  sculpture  was  supplied  by  a  great 
relief  of  a  bull  in  hard  plaster,  colored  with  the  natural  tints,  large 
parts  of  which,  including  the  head,  were  found  near  the  northern  gate. 
It  is  unquestionably  the  finest  plastic  work  of  the  time  that  has  come 
down  to  us,  stronger  and  truer  to  life  than  any  classical  sculpture  of 
the  kind  (fig.  7). 

Somewhat  more  conventional,  but  still  showing  great  naturalistic 
power,  is  the  marble  head  of  a  lioness,  made  for  the  spout  of  a 
fountain.  It,  too,  had  been  originally  tinted,  and  the  eyes  and  nos- 
trils inlaid  with  brightly  colored  enamels.  A  jwrt  of  a  stone  frieze, 
with  finely  undercut  rosettes,  recalled  similar  fragments  fi-om  Tiryns 
and  Mycenie,  but  far  surpasses  them  in  execution. 
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Vases  of  marble;  and  other  stones  abounded,  isome  exquisitely  rarved. 
Amon^  these  wiih  one  out  out  of  alabaster  in  the  shape  of  a  groat 
Triton  shell,  every  coil  and  fold  of  which  was  aceurately  repi-odui-ed. 
A  poi^ihyry  lamp,  supported  on  a  quatrefoil  pillar,  with  a  beautiful 
lotus  capital,  well  illuntrates  the  influence  of  an  Egyptian  uiodel. 
But  the  model  was  here  surpa.ssed. 

Amonfi  the  more  curious  arts  practiced  in  prehistoric  Knossos  was 
that  of  miniature  [minting  on  the  back  of  plaques  of  crystal.  A  gal- 
loping bull  thus  delineated  on  an  azure  background  is  a  little  master- 
piece in  it^  way.  A  small  relief  on  a  banded  agate,  repreaentiag  a 
dagger  in  an  ornamental  sheath  resting  on  an  artistically  folded  belt, 
to  a  certain  extent  anticipates  by  many  centuries  the  art  of  cameo 
caning.  A  series  of  clay  seals  were  also  discovered,  exhibiting- 
impressions  of  intaglios  in  the  fine  bold  Mj-cenafn  style;  ont  of  these, 
with  two  bulls,  larger  than  any  known  signet  gem  of  the  kind,  may 
well  have  been  a  royal  seal.  The  subjects  of  some  of  these  intaglios 
show  the  development  of  a  surprisingly  picturesque  style  of  art.  W'c 
see  fish  natural istically  grouped  in  a  ro^^-ky  pool,  a  hart  l>cside  a  water 
brook  in  a  mountain  glen,  and  a  grotto,  a)>ove  which  sonic  small 
monkey-like  creatures  are  seen  climbing  the  overhanging  crags. 

But  manifold  as  were  the  objects  of  interest  found  within  the  |>ala4-e 
walls  of  Knassos,  the  crowning  discovery — or,  rather,  series  of  dis- 
coveries— remains  to  be  told.  On  the  last  day  of  March,  not  far 
below  the  surface  of  the  ground,  a  little  to  the  right  of  the  southern 
portico,  there  turned  up  a  clay  tablet  of  elongated  shape,  bearing  on 
it  incised  characters  in  a  linear  script,  accompanied  by  numeral  signs. 
My  hopes  now  ran  high  of  finding  entire  deposits  of  clay  archives, 
and  they  were  speedily  realized.  Not  far  from  the  scene  of  the  first 
discovery  there  came  to  light  a  clay  receptacle  containing  a  hoard  of 
tablets.  In  other  chambers  occurred  similar  deposits,  which  had  orig- 
inally been  stored  In  coffers  of  wood,  clay,  or  gypsum.  The  tablets 
themselves  arc  of  various  forms,  some  flat,  elongated  bars,  from  about 
2  to  7i  inches  in  length,  with  wedge-like  ends;  others,  larger  and 
square!',  ranging  in  size  to  small  octavo  (fig.  8).  In  one  particular 
magazine  tablets  of  a  different  kind  were  found^perf orated  bars,  cres- 
cent and  scallop-like  "labels,"  with  writing  in  the  same  hieroglyphic 
style  as  that  on  the  seals  found  in  eastern  Crete.  But  the  great  mass, 
amounting  to  over  a  thousand  inscriptions,  l>clonged  to  another  and 
more  advanced  system  with  linear  characters.  It  was,  in  short,  a 
highly  developed  foi-ni  of  script,  with  regular  divisions  between  the 
words,  and  for  elegance  hardly  suipassed  by  any  later  form  of  writing. 

A  clue  to  the  meaning  of  these  clay  records  is  in  many  cases  sup- 
plied by  the  addition  of  pictorial  illustrations  representing  the  objecta 
concerned.  Thus  we  find  human  figures,  perhaps  slaves;  chariots  and 
horses;  anus  or  implements  and  armor,  such  as  axes  and  cuirasses; 
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bouses  or  barns;  ears  of  barley  or  other  cereals;  awine;  various  kinds 
of  trees,  and  a  long-stamened  fiower,  evidently  the  saffron  cro<us,  used 
for  dyes.  On  some  tableU  appear  ingots,  probably  of  bronze,  fol- 
lowed by  a  balance  (the  Greek  TaXavrof),  and  hgures  which  probably 
indicate  their  value  in  Mycensean  gold  talents.  The  numerals  attached 
to  many  of  these  objects  show  that  we  have  to  do  with  accounts  refer- 
ring to  the  royal  stores  and  arsenals. 

Some  tablets  relate  to  ceramic  vessels  of  various  forms,  many  of 
them  containing  marks  indicative  of  their  contents.  Others,  still 
more  interesting,  show  vases  of  metallic  forms,  and  obviously  relate 
to  the  royal  treasures.  It  is  a  highly  significant  fact  that  the  most 
characteristic  of  these,  such  as  a  beaker  like  the  famous  gold  cups 
found  in  the  Vapheio  tomb  near  Sparta,  a  high-spouted  ewer  and  an 
object,  perhaps  representing  a  certain  weight  of  metal,  in  the  form  of 
an  ox's  head,  recur — ^togethcr  with  the  ingots  with  incurving  sides 
among  the  gold  offerings  in  the  hands  of  the  tributary  jEgean  princes — 
on  Egyptian  monuments  of  Tbothmes  Ill's  time.  These  tributary 
chieftains,  described  as  Kefts  and  people  of  the  isles  of  the  sea,  who 
have  been  already  recognized  as  the  representatives  of  the  Mycenaean 
culture,  recall  in  their  dress  and  other  particulars  the  Cretan  youths, 
such  Bn  the  cupbearer  above  described,  who  take  part  in  the  proces- 
sional scenes  on  the  palace  frescoes.  The  appearance  in  the  records 
of  the  royal  treasury  at  Knossos  of  vessels  of  the  same  form  as  those 
offered  bj'  them  to  Pharaoh  is  itself  a  valuable  indication  that  some  of 
these  clay  archives  approximately  go  back  to  the  same  period — in 
other  words,  to  the  beginning  of  the  fifteenth  century  B.  C. 

Other  documents,  in  which  neither  ciphers  nor  pictorial  illustrations 
are  to  be  found,  may  appeal  even  more  deeply  to  the  imagination. 
The  ftnal<^y  of  the  more  or  leas  contemporary  tablets,  written  in  cunei- 
foim  script,  found  in  the  palace  of  Tell-el-Amama,  might  lead  us  to 
expect  among  them  the  letters  from  distant  governors  or  diplomatic 
correspondence.  It  is  probable  that  some  are  contracts  or  public  acts, 
which  may  give  some  actual  formulas  of  Minoan  legislation.  There 
is,  indeed,  an  atmosphere  of  legal  nicety,  worthy  of  the  house  of  Minos, 
in  the  way  in  which  these  clay  recoi-ds  were  secured.  The  knots  of 
string  which,  according  to  the  ancient  fashion,  stood  in  the  place  of 
locks  for  the  coffers  containing  the  tablets,  were  rendered  inviolable 
by  the  attachment  of  clay  seala,  impressed  with  the  finely  engraved 
signets,  the  typ(^s  of  which  represent  a  great  variety  of  subjects,  such 
as  ships,  chariots,  religious  scenes,  lions,  bulls,  and  other  animals. 
But,  as  if  this  precaution  was  not  in  itself  considered  sufficient,  while 
the  clay  was  still  wet  the  face  of  the  seal  was  countermarked  by  a  con- 
trolling official,  and  the  back  countersigned  and  indorsed  by  an  inscrip- 
tion in  the  same  Myceniean  script  as  that  inscribed  on  the  tablets  them- 
selves. ,-,  , 
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Much  study  and  comparisoD  will  be  necessary  for  the  elucidation  of 
these  materials,  which  it  niay  be  hoped  will  be  largely  supplemented 
by  the  continued  exploration  of  the  palace.  If,  as  niay  well  lie.  the 
case,  the  languge  in  which  they  were  written  waa  some  primitive  form 
of  Greek  we  need  not  despair  of  the  final  decipherment  of  these  Knus- 
sian  archives,  and  the  bounds  of  history  may  eventually  be  so  enlat^ed 
as  to  take  in  the  "heroic  age"  of  Greece.  In  any  case  the  weighty 
question,  which  years  before  I  bad  set  myself  to  solve  on  Cretan  soil, 
haa  found,  so  far  at  least,  »n  answer.  That  great  early  civilization  was 
not  dumb,  and  the  written  records  of  the  Hellenic  world  are  carried 
back  some  seven  centuries  beyond  the  date  of  the  first  known  historic 
writings.  But  what,  perhaps,  is  even  more  remarkable  than  this  is 
that,  when  we  examine  in  detail  the  linear  script  of  these  Myt^niean 
documents,  it  is  impossible  not  to  recognize  that  we  have  here  a  sys- 
tem of  writing,  syllabic  and  perhaps  partly  alphabetic,  which  stands 
on  a  distinctly  higher  level  of  development  than  the  hieroglyphs  of 
Egypt  or  the  cuneiform  script  of  oontenipoi-ary  Syria  and  Babylonia. 
It  is  not  till  sorae  five  centuries  later  that  we  find  the  fii-st  dated  exam- 
ples of  Phoenician  writing. 

The  signs  already  mentioned  as  engiuved  on  the  great  gypsum  blocRs 
of  the  palace  must  be  regarded  as  distinct  f  loni  the  script  proper. 
These  blocks  go  back  to  the  earliest  period  of  the  building,  and  the 
symbols  on  them,  which  are  of  very  limited  selection,  but' of  constant 
recurrence,  seem  to  have  had  a  religious  significance.  The  most  con- 
stantly recurring  of  these,  indeed,  is  the  labrys  or  double  ax  already 
referred  to — the  special  symbol  of  the  Cretan  Zeus,  votive  deposits  of 
which  in  bronze  have  been  found  in  the  («ve  sanctuaries  of  the  god 
on  Mount  Ida  and  Mount  Dicta.  The  double  ax  is  engraved  on  the 
principal  blocks,  such  as  the  corner  stones  and  door  jambs  thixtugbout 
the  building,  and  recurs  as  a  sign  of  dedication  on  every  side  of  every 
block  of  a  sacred  pillar  that  forms  the  center  of  what  seems  to  have 
been  the  inmost  shrine  of  an  aniconic  cult  connected  with  this  indigen- 
ous divinity. 

The  "house  of  Minos"  thus  turns  out  to  be  also  the  house  of  the 
double  ax — the  labrys  and  its  lord — in  other  words,  it  is  the  true  Laby- 
rinthos.  The  divine  inspircr  of  Minos  was  not  less  the  lord  of  the  hull, 
and  it  is  certainly  no  accidental  coincidence  that  huge  figuresof  bulls  in 
{minting  and  plaster  occupied  conspicuous  positions  within  it.  Nay, 
more,  on  a  small  steatite  relief,  a  couchant  bull  is  seen  above  the  door- 
way of  a  building  prolMibly  intended  to  reprcjsent  the  palace,  and  this 
would  connect  it  in  the  most  direct  way  with  the  sacred  animal  of  the 
Cretan  Zeus. 

There  can  be  little  remaining  doubt  that  this  vast  edilii'e.  which  in  a 
broad  historic  sense  we  are  justified  in  culling  the  "palace  of  Minos," 
is  one  and  the  same  as  the  tiuditional   "labyrinth."     A  groat  part 
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of  the  ground  pUn  itiiielf,  with  its  long  corridors  and  repeated  »uc- 
cesxion  of  blind  galleries,  its  tortuous  passages  and  spacious  under- 
ground conduit,  its  bewildering  system  of  small  chambei's,  does  in  fact 
present  many  of  the  characteristics  of  a  maze. 

Let  us  place  ourselves  for  a  moment  in  the  position  of  the  firtjt 
Dorian  colonists  of  Knossos  after  the  great  overthrow,  when  features 
now  laboriously  uncovered  by  the  spade  were  still  perceptible  amid 
the  mass  of  ruins.  The  name  was  still  preserved,  though  the  exact 
meaning,  as  supplied  by  the  native  Cretan  dialect,  had  been  probably 
lost.  Hard  by  the  western  gate  in  her  royal  robes,  to-day  but  partially 
visible,  stood  Queen  Ariadne  herself — and  might  not  the  comely  youth 
in  front  of  her  be  the  hero  Theseus,  about  to  receive  the  coil  of  thread 
for  his  errand  of  liberation  down  the  mazy  galleries  beyond?  Within, 
fresh  and  beautiful  on  the  walls  of  the  inmost  chambers,  were  the  cap- 
tive boys  and  maidens  locked  up  here  by  the  tyrant  of  old.  At  more 
than  one  turn  rose  a  mighty  bull,  in  some  cases,  no  doubt,  according 
to  the  favorite  Myceneean  motive,  grappled  with  by  a  half-naked  man. 
The  type  of  the  Minotaur  itself  as  a  man-bull  was  not  wanting  on  the 
soil  of  prehistoric  Knossos,  and  more  than  one  gem  found  on  this  sit« 
represents  a  monster  with  the  lower  body  of  a  man  and  the  forepart  of 
a  bull. 

One  may  feel  assured  that  the  effect  of  these  ai'tistic  creations  on 
the  rude  Greek  settler  of  those  days  was  not  less  than  that  of  the  disin- 
terred fresco  on  the  Cretan  workman  of  to-day.  Everything  around— 
the  dark  passages,  the  lifelike  figures  surviving  from  an  older  world — 
would  conspire  to  pi-oduce  a  sense  of  the  supernatural.  It  was  haunted 
ground,  and  then,  as  now,  "phantasms"  wcreabout.  The  laterstories 
of  the  grisi}'  king  and  his  man-eating  bull  sprang,  as  it  were,  from  the 
soil,  and  the  whole  site  called  forth  a  superstitious  awe.  it  was  left 
severely  alone  by  the  newcomers.  Another  Knossos  grew  up  on  the 
lower  slopes  of  the  hill  to  the  north,  and  the  old  palace  site  became  a 
"desolation  and  hissing,"  Gradually  earth's  mantle  covered  the  ruined 
heaps,  and  by  the  time  of  the  Romans  the  labyrinth  had  become  noth- 
ing more  than  a  tradition  and  a  name. 
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THE  ENGRAVED  PICTURES  OF  THE  CtROTTO  OF  LA 
MOUTHE,  DORDOdNE,  FRANCE.' 


By  M.  Emile  RivifeRK. 


INTRODUCTION,  BY   O.    T.    MASON. 


The  grotto  of  La  Mouthe  is  in  the  commune  of  Tayac,  Doixiogne, 
France.  This  remarkable  valley  has  yielded  some  of  the  most  won- 
derful results  in  the  history  of  paleolithic  and  neolithic  man  in  France. 
The  valley  of  the  Vez^re  has  been  especially  fruitful,  the  following 
well-known  sites  occurring  there:  Gorge- d' En fer,  discovered  by 
Lartet  and  Christy;  Cro-Magnon,  explored  bj'  Massenat;  les  Eyzies; 
La  Mouthe,  explored  by  Riviere;  and  Laugerie-Hautc. 

In  the.se  caverns  are  found  remains  and  human  workmanship  belong- 
ing to  the  Moustei-ian,  Solutr^n,  and  Magdalenian  epo<!bs.  These 
three  epochs  form  the  close  of  the  Paleolithic  period  in  Europe  and 
lead  to  the  polished-stone  people,  especially  of  the  Swiss  Lake  Dwell- 
ings. The  following  tabulated  form,  copied  from  De  Mortillet's  Le 
Pr^historique,  will  show  the  exact  position  which  the  discoveries 
made  by  BiviSre  in  the  cave  of  La  Mouthe  occupied  in  the  series  of 
epochs  covering  the  entire  history  of  France: 

Tabu  of  damifixiiion. 


Tl. 

». 

AgM. 

PerJode. 

Merovingian. 

Epochs. 

1 

Iran, 

,..*.""rr™,, 

Honuin. 

ChamfidoliBii. 

(Limi,  JtAflM.) 

a>uu«n. 

{Mtmt^^aS.'Siivrc.) 

ManilBa. 

Ual1«tatli*n. 
IBaUtall.  MaHlfArartelit.1 

T^gnniiin. 

LamiiQditn. 

(LonH™l,Jnfa,) 

IMoraf,.  ChS^^'aBd.  S«*«r.) 
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T'tUe  of  (^astificatimi — Continued. 


11 


{Firf-fn-Taniaioit^  Aii/i*£-) 


Ancienl  HIattu. 
MaRdHlentan. 


{Sotutrt.  Sadne^t-Loirr.) 


(Sainl-Ar^eui,  Somnu 


For  nearly'  ten  years  M.  Riviere  has  devoted  time  to  the  exploration 
of  these  cave».  Hiu  first  paper  was  read  before  the  Acad^mie  des 
ScienceH,  Paris. 

Perhaps  the  most  ijiteresting  feature  connected  with  the  Doixlogne 
caves  is  that  upon  their  waits  have  been  found,  from  time  to  time,  fig- 
ures of  animals  cut  into  the  rock  or  painted  on  the  surface  with  ocher. 

In  1878  L.  Chiron  callnd  the  attention  of  archieologists  to  a  grotto 
in  the  department  of  Gard,  ::thowing  many  lines  cut  into  the  sandstone 
wall;  but  it  was  in  1895  that  M.  Rivi&re  explored  another  grotto  or 
cavern— that  at  La  Mouthe,  Tayac,  Dordogne,  This  remarkable 
cavern  revealed,  along  with  reuiains  of  bear  and  hyena,  deposits  of 
Moustcrian  and  Neolithic  relics,  and  also  its  walls  and  ceilings  were 
garnished  with  sculptures  cut  in  the  rock  and  paintings  in  ocher. 

Francois  Daloau  also  brought  to  the  attention  of  the  public  his  dis- 
coveries in  the  grotto  of  Pairnon-Pair  at  Marcamps,  Gironde,  which 
was  filled  with  archieological  deposits.  Here  the  walls  also  were 
adorned  with  figures  of  animals  cut  in,  and  the  interior  bad  been  filled 
up  by  Magdalenian  deposits  quite  to  the  ceiling.  This  deposit  rested 
upon  Solutr^an  and  Moustcrian  layers  below,  and  on  the  walls  of  these 
there  were  no  engravings.  This  fact  locates  the  engravings  some- 
where between  the  Mousterian  and  the  Magdalenian;  that  is,  in  or 
al)out  the  Solutrean,  the  horse  epoch  of  ancient  France. 

The  carvings  illustrated  in  this  paper  are  in  continuation  of  Rivifire's 
fonner  explanations.  They  represent  a  portion  only  of  the  sculptures 
revealed;  others  will  be  reported  on  later  by  him. 
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L  have  the  honor  of  presentiDg  to  the  Anthropological  Society  of 
Paria  reproductions  of  some  of  the  new  carvings  discovered  by  me 
in  the  grotto  of  La  Mouthe  since  mj  last  communication,  reserving 
still  others  for  subsequent  presentation. 

•I  shall  not  here  review  the  circumstances  of  the  discovery  nor  the 
appearance  of  the  cave  when,  on  June  11, 1895, 1  penetrated  the  cham- 
bers previously  unknown;  neither  nhall  I  speak  of  the  extensive 
labors  undertaken  at  that  time,  and  which  I  have  since  pursued  each 
year  in  one  or  more  fields  of  research;  nor  shall  I  describe  the  hearths 
of  different  epochs,  Paleolithic  and  Neolithic,  which  I  have  discovered 
and  in  great  part  explored  from  the  entrance  to  a  certain  distance 
inward. 

Finally,  I  shall  not  enter  into  details  concerning  the  fauna  and  the 
contemporaneous  industry  of  each  of  those  periods,  whose  dates  may 
be  determined  with  certainty.  This  would  only  needlessly  repeat 
what  1  have  said  on  several  occasions  here  at  the  Institute,  at  the 
French  Association,  and  elsewhere.'  I  limit  myaelf  to  the  presenta- 
tion of  the  drawings  which  I  submit  to  you,  and  to  a  summary  descrip- 
tion of  the  carvings  of  which  they  are  faithful  reproductions. 

These  drawings  are  at  present  only  seven''  in  number,  but  there  are 
several  other  carvings  actually  discovered,  which  lack  of  time  has 
prevented  me  from  stamping,  tracing,  or  molding. 

In  the  study  of  La  Mouthe,  I  have  simultaneously  occupied  myself 
with  the  exploration  of  hearths,  the  discovery  of  pictures,  and  super- 
intending the  «!xeavation  of  the  clay  which  fills  the  cave  almost  to  the 
roof,  and  with  greater  thickness  the  further  we  penetrate. 

The  engravings  of  La  Mouthe  form,  so  to  speak,  a  certain  number 
of  panels '  on  the  walls  of  the  grotto.  The  seven  drawings  of  which  1 
here  present  as  faithful  reproductions  as  possible,  belong  to  three  dif- 
ferent panels;  one  about  97  meters  from  the  entrance  of  the  cavern,  the 
second  at  113  meters,  the  third  at  128  meters.  Two  of  the  drawings 
belong  to  the  first  panel,  one  representing  a  bison,  the  other  a  bovine 
animal  with  some  trac«s  of  another  species.  Three  drawings  are  taken 
from  the  second  panel  and  represent  a  reindeer,  an  ibex,  and  a  mam- 
moth.   The  figures  from  the  third  panel  are  of  two  horse-like  animals. 

(1)  The  species  of  animal  represented  by  the  fii"st  drawing  {fig.  1) 
can  not  he  in  doubt,  thanks  to  its  enormous  hump  (its  dimensions  are 
indeed,  much  exaggerated)  and  to  the  beard  which  it  carries  under 
the  lower  jaw.     It  is  a  veritable  bison  (B/is  prixcun).     The  creature  is 

■  Acaileiny  of  Si-iences,  Octolwr,  1894;  June  and  July,  1895;  April,  1897;  Septem- 
ber, 1901.  FreiuTh  A«aociatiiin  for  the  Advancement  of  8cieni«,  1897.  Anthropo 
litnicaA  SiK-iety  or  Haria,  June  3,  1897;  November4  and  18,  1897;  November,  1899. 

"  Five  of  them  are  the  reproductii  i  of  tracings  executed  by  me  on  October  1,  1900; 
the  other  two  were  made  by  M.  H.  Breuil  on  his  second  visit  to  the  grotto  of  la. 
Mouthe. 

"These  panels  occupy  a  Burtaee  of  several  meters,  and  are  separated  fnjmeachi 
other  by  more  or  less  considerable  intervals.  VjCiO^IC 
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engraved  in  profile  at  Jti  to  98  meters  from  the  entrance  and  on  the 
left  wall  of  the  grotto.  The  dimensionfl  of  the  drawing  are  far  from 
being  those  of  the  animal  (0.91  meter  in  length  from  the  forehead 
to  the  extremity  of  the  tail  with  a  height  of  0.52  meter).  The  head 
is  small  and  well  drawn.     The  horns  are  well  reproduced  and  almost 


meet  at  their  points,  forming  a  nearly  complete  circle;  but  they  have 
not  the  normal  implantation  of  the  horns  of  the  bison.  Under  the 
lowei-  jaw  are  seen  numerous  hairs.  As  to  the  hump  which,  above  all, 
chai-acterizes  this  bovid,  it  ■»  enormous  and,  as  just  said,  out  of  pro- 
poiiJon  with  the  dimensions  of  the  animal.     It  begins  behind  the  first 


cervical  vertebrre,  and  extends  back  of  the  sacral  vertebrte  or  almost, 
to  the  origin  of  the  tail.  The  latter,  relatively  large  at  its  insertion, 
IS  incurved  in  a  quite  pronounced  fashion  from  above  lownward,  and 
ends  in  n  tapering  point.  The  well-made  legs,  ns  well  as  the  hind 
quarters,  are,  however,  a  little  too  thin  and  long.  The  ventral  line  is 
slightly  convex  downwai-d.  ^    ^    i    C  it^tl^lc 
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(2)  The  next  drawing  is  also  of  H  bovid,  perhaps  even  of  two  bovida, 
considering  the  confusion  of  the  strokes.  In  any  case,  there  is  no 
suggestion  of  a  bison.     Here,  in  fact,  there  is  no  trace  of  a  dorsal 


prominence,  or  of  any  hump  whatever,  nor  any  hair  on  the  chin. 
The  drawing  measures  0.88  meter  in  length  and  0.55  meter  in  heigbt 
{fig.  2).    The  two  animals  which  it  represents,  if  two  animals  there 
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be,  have  only  a  Mingle  head.  The  latter  is  fine  and  would  seem  to  be 
rather  that  of  one  of  the  Cervidie,  were  it  not  for  the  two  horn»  which 
surmount  the  forehead  and  which  are  recur\-ed  ijto  nearly  a  com- 
plete circle,  the  two  points  being  separated  by  only  3i  centimeters. 
Between  the  two  horns  are  seen  a  sort  of  ear — the  right  ear — but  badly 
ioserted.  The  two  front  legs  are  certainly  those  of  a  bovid.  As  to 
the  hind  limbs,  they,  as  well  as  the  rump,  appear  to  belong  to  a  second 
animal  surmounting  the  first,  and  of  which  we  can  perceive  no  more 
than  the  dorso-cervical  line  which  curves  back  in  front,  simulating  a 
bead. 

The  bovid,  properly  so  called,  is  drawn  in  left  profile,  wdile  the 
bison  is  seen  from  the  right,  and  upon  the  flank  are  a  few  marks, 


some  parallel  and  others  intercrossing,  which  descend  to  the  ventral 
line.  By  it;*  intricacies  this  figure  offers  great  analogies  with  the 
drawings  engraved  on  bone  or  reindeer  horn,  which  are  found  in  the 
Magdaleiiian  hearths. 

I  ought  to  add  that,  above  this  double  figure,  we  still  see  two 
engraved  lines  joining  each  other  below  in  such  a  manner  as  to  resem- 
ble the  leg  of  another  animal  whose  picture  has  be«n  commenced  on 
the  same  panel. 

(3)  The  engraving  of  the  reindeer  (fig.  3)  is  one  of  the  most  beau- 
tiful known.  It  measures  1.07  metoiij  in  length.  The  head  of  the 
animal  is  very  well  executed,  I  should  say  even  in  a  remarkable 
ntanner;  consequently  it  is  among  the  more  easily  recognizable.    It 
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is  »trong^,  all  striated  wttb  a  multitude  of  strokes,  either  vertical 
or  slightly  slanted  from  the  fight  downward  to  the  left,  some  of 
which  reach  the  throat.  They  reprenent  the  hair.  The  head,  seen  in 
profile,  in  aurmounted  by  a  horn  with  it«  basal  antler  directed  hori- 
zontally from  l>ehind  towai-d  the  front. 

The  muzzle  is  very  well  drawn.  On  the  contrary,  the  body  is  pro- 
portionally too  short,  measuring  0.70  meter  from  the  front  part  of  the 
neck  to  the  tail.  I  may  add  that  the  animal  is  incompletely  figured, 
for  the  withers  scarcely  exist  and  a  line  only  partially  indicates  the 
back  and  rump. 

(4)  The  picture  of  an  ilwx  (fig.  4)  now  follows.  Here  the  whole 
animal  is  given  with  the  exception  of  the  extremities  of  the  front  legs. 
It  measures  0.80  meter  in  length  by  0.77  meter  in  height.  The  head 
is  too  small  in  proportion  to  the  body  and  is  surmounted  by  a  large 


horn  curved  backward  in  a  half  circle.  The  ears  are  sti-aight  and  well 
formed.  The  muzzle  is  well  executed,  but  the  jaw  is  too  short.  Then 
comea  a  neck  much  too  large,  resembling  somewhat  that  of  a  bovid. 
The  brea-it  and  belly  are  enormous.  The  line  of  the  latter  descends 
very  low  in  front,  while  the  dorsal  line  is  nearly  sti-aigbt,  being 
slightly  incurved  to  denote  the  slope  of  the  rump  and  then  the  tail. 
The  last,  directed  horizontally,  is  short  and  ends  in  a  two-forked  tuft 
As  to  the  limbs,  the  anterior  are  not  terminated,  and  their  length  is 
about  half  that  of  the  hind  legs,  which  are  thin  and  very  long. 

In  front  of  the  ibex,  and  turned  toward  him  so  that  the  two  head.s 
face  each  other,  is  seen  the  engraving  of  a  long-haired  elephant 
Although  the  animal  is  not  complete,  it  does  not  seem  to  us  possible 
to  deny  that  it  is  intended  for  a  mammoth.  This  is,  moreover,  also 
the  opinion  of  those  of  my  colleagues  in  the  society  to  whom  I  showed 
the  drawing  (tig.  .5)  before  the  opening  of  the  session.    The  foirm  of, 
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the  cranium,  the  dor»al  line,  the  tail,  the  origin  also  of  the  limbe  and 
their  size,  fiiiallr  the  numerous  strokes  resembling  hairs,  which  jmaa 
downward  from  the  belly,  are  indeed  those  of  a  mammoth;  but  neither 
the  trunk  of  the  animal  nor  its  tusks  can  be  discerned.     The  dimen- 


sions of  the  engraving  are  much  reduced,  0.32  meter  in  length  by 
0.'2a  meter  in  height,  all  marks  included. 

Such  are  the  drawings  from  this  prehistoric  panel,  selected  among 
others  of  which  I  shall  eventually  make  tracings. 

{6,  7}  As  to  the  two  figures  of  the  panel,  situated  at  128  meters  from 
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the  entrance,  shown  in  the  next  pictures,  they  represent  two  equids, 
entirely  different  from  each  other,  and  appearing  to  belong  to  two  dis- 
tinct species — the  hortie  and  the  hcniione.  The  one  has  the  head  fine, 
well  drawn  (fig.  6),  an  well  a:^  the  neek,  the  breast,  and  the  fore  legs, 
which  are  entire,  hoofs  included,  and  pretty  well  proportioned.  The 
ears  are  straight  and  the  mane  is  erect.  On  the  contrary,  the  but- 
tocrks  are  enormous,  the  belly  is  very  large,  pendulous,  so  to  speak,  the 
line  of  the  withers  is  straight,  without  the  least  incurving;  finally  the 
croup  is  much  too  pronounced,  and  the  short  tail  is  drooping.  As  to 
the  bind  legs,  they  are  barely  sketched. 


The  engraving  of  this  equid  measures  0.75  meter  in  length  from 
t^e  line  of  the  nose  to  the  tip  of  the  tail,  and  0.55  meter  in  height. 

The  other  drawing  (lig.  7)  in  that  of  a  kind  of  bearded  horse  whose 
long  and  bristling  mane  extends  almost  to  the  withers.  The  head  is 
both  long  and  directed  vertically  downward,  the  ears  are  .somewhat 
long,  the  forehead  is  projecting,  and  the  chin  has  a  tuft  of  hairs. 
In  departing  from  the  neck,  the  body  is  represented  onlj-  by  a  single 
line — the  dorsal  line — which  extends  from  the  mane  to  the  tail,  figured 
here  by  several  strokes  about  0.35  meters  long.  This  drawing  measures 
in  all  1.31  meters  in  length. 

It  is  on  this  panel  of  the  two  equids  that  several  other  animals 
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discovered;  a  deer,  spotted,  or  rather  in  part  painted  with  ocher,  whose 
reprodiiction  figured  last  year  with  that  of  two  other  aninnala — tbe 
bison  and  a  bovid,  or  equid — at  the  Univer.sal  Exposition  in  the  section 
of  megalithic  monuments,  at  the  request  of  the  minister  of  public 
instruction. 

Such  arc  the  seven  drawings  which  I  wish  to  present  to  you  to-day. 
I  add  also  the  reproduction  of  the  well-made  head  of  an  ibex,  which 
we  see  on  the  outer  face  of  the  lamp  in  sandstone  from  La  Moutbe 
(flg.  8). 

As  can  be  seen  from  this  figure,  which  is  identical  in  size  with  tbe 
original,  this  head  of  the  ibex  is  almost  as  remarkably  executed  as 
that  of  the  reindeer  which  we  have  reproduced  in  fig.  3.     The  head 


on  the  lamp  i^  that  of  a  profile  in  all  it«  details^nose,  mouth,  eye, 
ear,  and  finally  hornis,  which  are  of  considerable  length,  measuring 
not  less  than  12  or  13  centimeters,  and  strongly  curved  in  a  semicir- 
cle.' There  is  nothing,  even  to  the  l>eard  of  the  animal,  which  has  not 
been  engraved.  The  oval  of  the  head  iiicaj^ures  0.035  meter  in  length, 
and  its  greatest  breadth  is  0.023  meter.  Two  lines  of  unequal  length, 
but  nearly  parallel,  one  descending  from  the  left  angle  of  the  jaw,  the 
other  l>egtnning  liehind  the  left  ear,  seem  to  attempt  the  representa- 
tion of  the  neck.  On  the  other  hand,  the  body  and  the  legs  are  not 
figured.  We  perceive  only,  behind  the  line  of  the  neck,  several 
engraved  lines,  very  much  defaced  and  without  any  significance. 

*The  l»mp  in  BandHUine  from  the  grotio  of  La  Mouthe  (Dordogne),  by  Emile 
KiviC-re,  18»9. 
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Such  ia,  in  k  few  words,  the  description  of  the  engrav^ed  sketches 
coming  from  the  grotto  of  La  Mouthe  which  I  desire  to  present  to  you 
to-day. 

THE    ENGRAVINGS   FBOH   PEDCH,  BT   M.  EHILE   BTVlllBE. 

I  desire  also  to  submit  to-day  for  your  examination  one  of  the  pictures 
which  1  have  taken  of  the  very  curious  engravings  executed  upon  the 
wall  of  rock  against  which  abut  buildings  of  a  farmhouse  belonging  to 
the  village  of  Peuch.  This  presentation  is  merely  to  fix  the  date  of 
this  discovery,  which  goes  back  to  the  5th  of  September,  1896,  and 
was  made  by  me  in  company  with  Dr.  Burette,  who  had  informed  me 
of  it  a  few  days  before. 

It  repi-esents  a  human  being  whose  sex  is  not  indicated.  The 
engraving  is  very  deeply  scored  in  the  rock.  The  individual  measures 
0.98  meter  in  height.  The  head,  drawn  from  the  front,  is  a  simple 
oval,  without  eyes,  nose,  mouth,  or  cars.  The  arms  arc  brought 
forward  in  such  a  way  that  the  right  hand  is  held  upon  the  abdomen 
and  the  left  hand  hides  the  sex.  The  lower  limbs  end  without  feet  at 
the  level  of  the  soil. 

To  what  date  does  this  engraving  go  back?  This  is  aquestion  which 
I  shall  examine  subsequently  in  presenting  the  drawing  of  a  second 
human  being,  engraved  likewise  in  sunken  lines,  nearly  of  the  same 
size  as  this  one — an  engraving  of  which  I  limit  myself  to-day  to  make 
the  announcement  without  entering  fui-ther  into  details. 
8U  1901 29 
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THE  MIND  OF  PRIMITIVE  MAN.  ■ 
By  Fkanz  Boas. 


One  of  the  chief  aims  of  anthropology  is  the  «tudy  of  the  mind  of 
man  under  the  varying  conditions  of  rate  and  of  environment.  The 
activities  of  the  mind  manifest  themselves  in  thoughts  and  actions, 
and  exhibit  an  infinite  variety  of  form  among  the  peopIe.s  of  the  world. 
In  order  to  understand  these  clearly,  the  student  must  endeavor  to 
divest  himself  entirely  of  opinions  and  emotions  Inised  upon  the  pecul- 
iar social  environment  into  which  he  is  born.  He  must  adapt  his  own 
mind,  so  far  as  feasible,  to  that  of  the  people  whom  he  i»  studying. 
The  more  successful  he  is  in  freeing  himself  from  the  hlaa  based  on  the 
groupof  ideas  that  constitute  the  civilization  in  which  he  lives,  the  more 
successful  he  will  be  in  interpreting  the  beliefs  and  actions  of  man.  He 
must  follow  lines  of  thought  that  are  new  to  him.  He  must  participate 
in  new  emotions,  and  understand  how,  under  unwonted  conditions,  both 
lead  to  actions.  Beliefs,  customs,  and  the  resjxinse  of  the  individual 
to  the  event*  of  daily  life  give  us  ample  opportunity  to  observe  the 
manifestations  of  the  mind  of  man  under  varying  conditions. 

The  thoughts  and  actions  of  civilized  man  and  those  found  in  more 
primitive  forms  of  society  prove  that,  in  various  groups  of  mankind, 
the  mind  responds  quite  differently  when  exposed  to  the  same  condi- 
tions. Lack  of  logical  connection  in  its  conclusions,  lack  of  control 
of  will,  are  apparently  two  of  its  fundamental  characteristics  in  prim- 
itive society.  In  the  formation  of  opinions,  belief  takes  the  place  of 
logical  demonstration.  The  emotional  value  of  opinions  is  great,  and 
consequently  they  quickly  lead  to  action.  The  will  appears  unbalanced, 
there  being  a  readiness  to  yield  to  strong  emotions,  and  a  stubborn 
resistence  in  trifling  matters. 

In  the  following  remarks  I  propose  to  analyze  the  differences  which 
characterize  the  mental  life  of  man  in  various  stages  of  culture.  It  is 
aplea^ntduty  to  acknowledge  here  my  indebtedness  to  my  friends 
and  colleagues  in  New  York,  particularly  to  Di-.  Livingston  Farmnd, 
with  whom  the  questions  here  propounded  have  been  a  frequent  theme 
of  animated  discussion,  so  much  so,  that  at  the  present  time  I  find  it 
impossible  to  say  what  share  the  suggestions  of  each  had  in  the  devel- 
opment of  the  conclusions  reached. 

■  Address  of  the  retiring  president  before  the  American  Folk-Lore  Society,  Balti- 
more, Dei-einl)er  27, 1900.  Reprinted,  by  perniireiiiin  of  the  author,  from  The  Journal 
of  AnK^rimn  Folk-Lore,  Boston  and  New  York,  vol.  zlv,  Jan.-Maruh,  1901. 
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There  are  two  posisibic  explanations  of  the  different  manifestations 
of  the  mind  of  man.  It  may  lie  that  the  mindaof  different  races  t^ow 
differences  of  organization;  that  is  to  say,  the  laws  of  mental  activity 
may  not  be  the  same  for  all  minds.  But  it  may  also  be  tbat  the  oi^d- 
ization  of  mind  is  practically  identical  among  all  racet<  of  man;  that 
mental  activity  follows  the  same  laws  everywhere,  bat  tbat  its  mani- 
festations depend  upon  the  character  of  individual  experience  tbat  i^ 
subjected  to  the  action  of  these  laws. 

It  is  quite  evident  that  the  activities  of  the  human  mind  depend  upon 
these  two  elements.  The  organization  of  the  mind  may  be  defined  as 
the  group  of  laws  which  determine  the  modes  of  thought  and  of  action, 
irrespective  of  the  subject-matter  of  mental  activity.  Subject  to  such 
laws  are  the  manner  of  discrimination  between  [>crceptions,  the  man- 
ner in  which  perceptions  associate  themselves  with  previous  percep- 
tions, the  manner  in  which  a  stimulus  leads  to  action,  and  the  emotions 
produced  by  stimuli.  These  laws  determine  to  a  great  extent  the 
manifestations  of  the  mind. 

But.  on  the  other  hand,  the  influence  of  individual  experience  can 
easily  be  shown  to  lie  very  gi-cat.  The  bulk  of  the  experience  of  man 
is  gained  from  oft-repeated  impressions.  It  is  one  of  the  fundamental 
laws  of  psychology  that  the  repetition  of  mental  processes  increases 
the  facility  with  which  these  proc-esses  are  perfonned,  and  decrease* 
the  degree  of  consciousness  that  accompanies  them.  This  law  expresses 
the  well-known  phenomena  of  habit.  When  a  certain  perception  is 
frequently  associated  with  another  previous  perception,  the  one  will 
habitually  call  forth  the  other.  When  a  certain  stimulus  frequently 
results  in  a  ceiiain  action,  it  will  tend  to  call  forth  habitually  the  saoie 
action.  If  a  stimulus  has  often  produced  a  certain  emotion,  it  will 
tend  to  reproduce  it  every  time. 

The  explanation  of  the  activity  of  the  mind  of  man,  therefore, 
requires  the  discussion  of  two  distinct  problems.  The  first  bears  upon 
the  question  of  unity  or  diversity  of  organization  of  tha  mind,  while 
the  second  bears  upon  the  diversity  produced  by  the  variety  of  con- 
tents of  the  mind  as  found  in  the  various  social  and  geographical 
environments.  The  task  of  the  investigator  consists  largely  in  sepa- 
rating these  two  causes  and  in  attributing  to  each  its  proper  share  in 
the  development  of  the  peculiarities  of  the  mind.  It  is  the  latter 
problem,  principally,  which  is  of  intero-st  to  the  folk-lorist.  When 
we  define  as  folk-lure  the  total  mass  of  traditional  matter  presentin 
the  mind  of  a  given  people  at  any  given  time,  we  recognize  that  this 
matter  must  influence  the  opinions  and  activities  of  tho  people  moreor 
less  according  to  its  quantitative  and  qualitative  value,  and  also  tbat 
the  actions  of  each  individual  must  be  influenced  to  n  greater  or  less 
extent  by  the  mass  of  traditional  material  present  in  his  mind. 

We  will  first  devote  our  attention  to  the  question.  Do  differences 
exist  in  the  organization  of  the  human  mind)     Since  Waltz's  tboroufr'' 
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discussion  of  the  question  of  the  unity  of  the  huiniin  species  there  can 
V>c  no  doubt  that  in  the  main  the  mental  characterii^ticsof  man  are  the 
same  all  over  the  world;  but  the  question  remains  open  whether  there 
is  a  sufficient  difference  in  grade  to  allow  us  to  assume  that  the  present 
races  of  man  may  be  considered  as  standing  on  different  stages  of  the 
evolutionary  series,  whether  we  are  justified  in  ascribing  to  civilized 
man  a  higher  pW^e  in  organization  that  to  primitive  man.     In  answer- 
ing this  question  we  muwt  clearly  distinguish  between  the  influences  of 
civilization  and  of  i-ace.     A  number  of  anatomicul  facts  point  to  the 
conclusion  that  the  races  of  Africa,  Aui^tralia,  and  Melanesia  are  to  a 
certain  cxt«nt  inferior  to  the  races  of  Asia,  America,  and  Europe,    We 
iind  that  on  the  average  the  size  of  the  brain  of  the  negroid  races  is , 
less  than  the  size  of  the  brain  of  the  other  races;  and  the  difference  in 
favor  of  the  mongoloid  and  white  races  is  so  great  that  we  are  justified 
in  assuming  a  certain  correlation  between  their  mental  ability  and  the 
increased  size  of  their  brain.     At  the  same  time  it  must  be  borne  in 
mind  that  the  variability  of  the  mongoloid  and  white  races  on  the  one 
band  and  of  the  negroid  races  on  the  other  is  so  great  that  only  a  small 
number,  comparatively  speaking,  of  individuals  belonging  to  the  latter 
have  brains  smaller  than  any  brains  found  among  the  former;  and  that, 
on  the  other  hand,  only  a  few  individuals  of  the  mongoloid  races  have 
brains  so  large  that  they  would  not  occur  at  all  among  the  black  races. 
That  is  to  say,  the  bulk  of  the  two  groups  of  ra<;es  have  brains  of  the 
same  capacitie.'^,  but  individuals  with  heavy  brains  are  proportionately 
more  frequent  among  the  mongoloid  and  white  races  than  among  the 
negroid  races.      Probably  this  difference  in  the  size  of  the  brain  is 
accompanied  by  differences  iu  structure,  although  no  satisfactory  infor- 
mation on  this  point  is  available.     On  the  other  hand,  if  we  compare 
civilized  people  of  any  race  with  uncivilized  people  of  the  same  race, 
we  do  not  find  any  anatomical  differences  which  would  justify  us  in 
assuming  any  fundamental  differences  in  mental  constitution. 

When  we  consider  the  same  question  from  a  purely  psychological 
point  of  view,  we  recognize  that  one  of  the  mast  fundamental  traits 
which  distinguish  the  human  mind  from  the  animal  mind  is  common 
to  all  races  of  man.  It  i.s  doubtful  if  any  animal  is  able  to  form  an 
abstract  conception,  such  as  that  of  numlier,  or  any  conception  of  the 
abstract  relations  of  phenomena.  We  find  that  this  is  done  by  all 
races  of  man.  A  developed  language  with  grammatical  categories 
presupposes  the  ability  of  expressing  abstract  relations,  and,  since 
every  known  language  has  grammatical  structure,  we  must  assume 
that  the  faculty  of  forming  abstract  ideas  is  a  common  property  of 
man.  It  lias  often  been  pointed  out  that  the  concept  of  number  is 
developed  very  differently  among  different  peoples.  While  in  most 
languages  we  find  numeral  systems  leased  upon  the  10,  we  find  that 
certain  tribes  in  Biuzil,  and  others  in  Australia,  have  numeral  systems 
based  on  the  3,  or  even  on  the  2.  which  involve  the  impossibility  of^\.. 
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expressing  high  nuinl>ers.  Although  these  numeral  systems  are  very 
Blightly  developed  an  compared  with  our  own,  we  must  not  foi^et  that 
the  al^tract  idea  of  number  must  be  present  among  these  people, 
because  without  it  no  method  of  counting  is  possible.  It  may  be  worth 
while  to  mention  one  or  two  other  factM  taken  from  the  gramtuars  of 
primitive  people,  which  will  make  it  clear  that  all  grammar  presup- 
poses abstractions.  The  three  pei-sonal  pronouns— I,  thou,  and  he — 
occur  in  all  human  languages.  The  underlying  idea  of  these  prooouns 
is  the  clear  distinction  between  the  self  as  speaker,  the  person  or  object 
spoken  to,  and  that  spoken  of.  We  also  find  that  nouns  are  classified 
in  a  great  many  ways  in  different  languages.  While  all  the  older 
Indo-European  languages  classify  nouns  according  to  sex,  otber  lan- 
guages classify  tiouns  as  animate  or  inanimate,  or  as  human  and  not 
human,  etc.  Activities  are  also  classified  in  man}'  different  vrays.  It 
is  at  once  clear  that  every  classification  of  this  kind  involves  tbe  forma- 
tion of  an  abstract  idea.  The  processes  of  abstraction  are  tbe  same  in 
all  languages,  and  they  do  not  need  any  further  discussion,  except  in 
so  far  as  we  uiay  be  inclined  to  value  differently  the  systems  of  classi- 
fication and  the  results  of  abstraction. 

The  question  whether  the  power  to  inhibit  impulses  is  the  same  in 
all  races  of  man  i^  not  so  easily  answered.  It  is  an  impression 
obtained  by  many  travelers,  and  also  based  upon  experiences  ^ined 
in  our  own  oonntr}',  that  primitive  man  and  the  less  educated  bave  in 
common  a  lack  of  control  of  emotions;  that  they  give  way  more  read- 
ily to  an  impulse  than  civilized  man  and  the  highly  educated.  I 
believe  that  this  conception  is  based  lately  upon  the  neglect  to  con- 
sider the  occasions  on  which  a  strong  control  of  impulses  is  demanded 
in  various  forms  of  society.  What  I  mean  will  become  clear  when  I 
call  your  attention  to  the  often  de.wribed  power  of  endurance  exhib- 
ited by  Indian  captives  who  undergo  torture  at  the  hands  of  their 
enemies.  When  we  want  to  gain  a  true  estimate  of  the  power  of 
primitive  man  to  control  impulses,  we  must  not  compare  the  control 
required  on  certain  occasions  among  ourselves  with  the  control  exerted 
by  primitive  man  on  tbe  same  occasions.  If,  for  instance,  our  social 
etiquette  forliid.s  the  expression  of  feelings  of  pei'sonal  discomfort  and 
of  anxiety,  we  nmst  remember  that  personal  etiquette  among  primi- 
tive men  may  not  require  any  inhibition  of  the  same  kind.  We  must 
rather  look  for  those  occasions  on  which  inhibition  is  required  by  the 
customs  of  primitive  man.  Such  are,  for  instance,  tbe  numerous  cases 
of  t«l>oo — that  is,  of  prohibitions  of  the  use  of  certain  foods,  or  of  the 
performance  of  certain  kinds  of  work,  which  sometimes  require  a  con- 
siderable amount  of  s(>lf -control.  When  an  Eskimo  community  is  on 
tbe  point  of  starvation  and  their  religious  proscriptions  forbid  them  to 
make  use  of  the  seals  that  are  basking  on  the  ice,  the  amount  of  self- 
contrel  of  the  whole  conmiunity  which  restrains  them  from  killing 
these  seals  is  certainly  very  great.     Cases  of  this  kind  lLreyety.nu- 
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merous,  and  prove  that  primitive  man  ha8  the  ability  to  control  hiis 
impnbeij,  l>ut  that  this  control  U  exerted  on  occasions  which  depend 
upon  the  character  of  the  social  life  of  the  people,  and  which  do  not 
coincide  with  the  occasions  on  which  we  expect  and  require  control  of 
inipulse». 

The  third  point  in  which  the  mind  of  primitive  nian  seems  to  differ 
from  that  of  civilized  man  is  in  its  power  of  choosing  between  percep- 
tions and  actions  according  to  their  value.  On  this  power  re^ts  the 
whole  domain  of  art  and  of  ethics.  An  object  or  an  action  becomes  of 
artistic  value  only  when  it  is  chosen  from  among  other  perceptions  or 
other  actions  on  account  of  its  beauty.  An  action  becomes  moral  only 
when  it  is  chosen  from  among  other  possible  actions  on  account  of  its 
ethical  value.  No  matter  how  crude  the  standards  of  primitive  man 
may  be  in  regard  to  these  two  points,  we  rec<^nize  that  all  of  them 
possess  an  art,  and  that  all  of  them  possess  ethical  standards.  It  may 
be  that  their  art  is  quite  contrary  to  our  artistic  feeling.  It  may  be 
that  their  ethical  standards  outrage  our  moral  code.  We  must  clearly 
distinguish  between  the  lesthetic  and  ethical  codes  and  the  existence  of 
an  sesthetic  and  ethical  standard. 

Our  brief  consideration  of  the  phenomena  of  abstraction,  of  inhibi- 
tion and  of  choice,  leads,  then,  to  the  conclusion  that  these  functions  of 
the  human  mind  are  common  to  the  whole  of  humanity.  It  may  be  well 
to  state  here  that,  according  to  our  present  method  of  considering  bio- 
logical and  pyscbological  phenomena,  we  must  assume  that  these  func- 
tions of  the  human  mind  have  developed  from  lower  conditions  existing 
at  a  previous  time,  and  that  at  one  time  there  certainly  must  have 
been  races  and  tribes  in  which  the  properties  here  described  were  not 
at  all,  or  only  slightly,  developed;  but  it  is  also  true  that  among  the 
present  races  of  man,  no  matter  how  primitive  they  may  be  in  com- 
parison with  ourselves,  these  faculties  are  highly  developed. 

It  is  not  impossible  that  the  degree  of  development  of  these  func- 
tions may  differ  somewhat  among  different  types  of  man;  but  1  do  not 
believe  that  we  are  able  at  the  present  time  to  fonn  a  just  valuation  of 
the  power  of  abstraction,  of  control,  and  of  choice  among  diffei-ent 
races.  A  comparison  of  their  languages,  customs,  and  activities 
suggests  that  these  faculties  may  Iw  unequally  developed;  but  the 
differences  are  not  sufficient  to  justify  us  in  ascribing  materially  lower 
stages  to  some  peoples  and  higher  stages  to  others.  The  conclusions 
reached  from  these  considerations  are  therefore,  on  the  whole,  nega- 
tive. We  are  not  inclined  to  consider  the  mental  organization  of 
different  races  of  man  as  differing  in  fundamental  ]Kiints. 

We  next  turn  to  a  consideration  of  the  second  question  pi-ojwunded 
here,  namely,  to  an  investigation  of  the  influence  of  the  contents  of 
the  mind  upon  the  formation  of  thought-*  and  actions.  We  will  take 
these  up  in  the  same  order  in  which  we  considered  the  previous  ques- 
tion.    We  will  tirst  direct  our  attention  to  the  phenouieua  o&iDei'cep-|,. 
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tion.     It  has  been  observed  by  man;  travelers   that  the    senses    o 
primitive  man  are  remarkably  well  trained;  that  he  is  an     ex:eeJ7e«i 
observer.     The  adeptneas  of  the  experienced  hunter,  who    finds   the 
tracks  of  his  game  where  the  eye  of  an  European  would  not  see  the 
fiiintest  indication,  is  an  instance  of  this  kind.     While  the  po^er  of 
perception  of  primitive  man  ia  excellent,  it  would  seem  that  his  power 
of  logical  interpretation  of  perceptions  is  deficient.     1  think  it  can  he 
shown  that  the  1-ea.son  for  this  fact  in  not  founded  on  any  fundazncatat 
peculiarity  of  the  mind  of  primitive  man,  but  lies,  ruthev,  in   the  char- 
acter of  the  ideas  with  which  the  new  perception  associates  itself.     lo 
our  own  community  a  mass  of  observations  and  of  thoughts  is  trans- 
mitted to  the  child.     These  thoughts  are  the  result  of  careful  observa- 
tion and  speculation  of  our  present  and  of  past  generations;    but  they 
are  transmitted  to  most  individuals  as  traditional  matter,  much  the  same 
as  folklore.     The   child  associates  new  perceptions  with  this    w^hole 
mass  of  traditional  material,  and  interpi'ets  his  observatioDs    by  its 
means.     1  believe  it  is  a  mistake  to  assume  that  the  interpretation  made 
by  each  civilized  individual  is  a  complete  logical  process.     We  associate       I 
a  phenomenon  with  a  number  of  known  facts,  the  interpretations  of      • 
which  are  assumed  as  known,  and  we  are  satisfied  with  the  reduction  of 
a  new   fact  to  these  pi'eviously  known  facts.     For  instance,   if  the       | 
average  individual  hears  of  the  explosion  of  a  previously  unknown 
chemical,  be  is  satisfied  to  reason  that  certain  materials  are  known  to 
have  the  property  of  exploding  under  proper  conditions,  and  that  con-        i 
sequently  the  unknown  substance  has  the  same  quality.     On  the  whole, 
I  do  not  think  that  we  should  try  to  argue  still  further,  and  really  try 
to  give  a  full  explanation  of  the  causes  of  the  explosion. 

The  difference  in  the  mode  of  thought  of  primitive  man  and  of  civ- 
ilized nmn  seems  to  consist  largely  in  the  difference  of  character  of  the 
traditional  material  with  which  the  new  perception  associates  itself. 
The  instruction  given  to  the  child  of  primitive  man  is  not  based  on 
centuries  of  experimentation,  but  consists  of  the  crude  experience  of 
generations.  When  a  new  experience  entei-s  the  mind  of  primitive 
man,  the  same  process  which  we  observe  among  civilized  men  brings 
about  an  entirely  different  series  of  associations,  and  therefore  results 
in  a  different  type  of  explanation.  A  sudden  explosion  will  associate 
itself  in  his  mind,  perhaps,  with  tales  which  he  has  heard  in  regard  to 
the  mythical  history  of  the  worid,  and  consequently  will  be  accom- 
panied by  superstitious  fear.  When  we  recognize  that,  neither  among 
civilized  men  nor  among  primitive  men,  the  average  individual  carries 
to  completion  the  attempt  at  casual  explanation  of  phenomena,  but 
carries  it  only  so  far  as  to  amalgamate  it  with  other  previously  known 
facts,  we  recognize  that  the  result  of  the  whole  process  depends 
entirely  upon  the  character  of  the  traditional  material.  Herein  liestbe 
immense  importance  of  folklore  in  determining  the  mode  of  thoug^it. 
Herein  lies  particularly  the  enormous  influence  of  current  philosophic 
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Opinion  upon  the  inasHes  of  the  people,  and  herein  lies  the  influence 
of  the  dominant  scientific  theory  npon  the  character  of  scientific 
work. 

It  would  be  in  vain  to  try  to  understand  the  development  of  modern 
science  without  an  intelligent  understanding  of  modern  philosophy;  it 
would  be  in  vain  to  try  to  understand  the  history  of  mediteva)  science 
without  an  intelligent  knowledge  of  medtieval  theology ;  and  so  it  is  in 
vain  to  try  to  understand  primitive  science  without  an  intelligent 
knowledge  of  primitive  mythology.  Mythology,  theologj',  and  phi- 
losophy are  different  terms  for  the  same  influences  which  shape  the 
current  of  human  thought  and  which  determine  the  character  of  the 
attempts  of  man  to  explain  the  phenomena  of  nature.  To  primitive 
man — who  has  been  taught  to  consider  the  heavenly  orbs  as  animate 
beings,  who  sees  in  every  animal  a  being  more  powerful  than  man,  to 
whom  the  mountains,  trees,  and  stones  are  endowed  with  life— expla- 
nations of  phenomena  will  suggest  themselves  entirely  different  from 
those  to  which  we  are  accustomed,  since  we  base  our  concluaious  upon 
the  existence  of  matter  and  force  as  bringing  about  the  obeei-ved 
results.  'If  we  do  not  consider  it  possible  to  explain  the  whole  range 
of  phenomena  as  the  result  of  matter  and  force  alone,  all  our  explana- 
tions of  natural  phenomena  must  take  a  different  aspect 

In  scientific  inquiries  we  should  alnays  be  clear  in  our  own  minds  of 
the  fact  that  we  do  not  carry  the  analysis  of  any  given  phenomenon  to 
completion;  but  that  we  always  embody  a  number  of  hypotheses  and 
theories  in  our  explanations.  In  fact,  if  we  were  to  do  so,  progress 
would  hardly  become  possible,  because  every  phenomenon  would 
require  an  endless  amount  of  time  for  thorough  treatment.  We  are 
only  too  apt,  howevei',  to  forget  entirely  the  general,  and,  for  most  of 
us,  purely  traditional,  theoretical  basiis,  which  is  the  foundation  of  our 
reasoning,  and  to  a.ssunie  that  the  ret<ult  of  our  reasoning  is  absolute 
truth.  In  this  we  commit  the  same  error  that  is  committed,  and  has 
been  committed,  by  all  the  less  civilized  peoples.  They  are  more 
easily  satisfied  than  we  are  at  the  present  time,  but  they  also  assume  as 
true  the  traditional  element  which  enters  into  their  explanations,  and 
therefore  accept  as  absolute  truth  the  conclusions  based  on  it.  It  ia 
evident  that  the  fewer  the  number  of  traditional  elements  that  enter 
into  our  reasoning,  and  the  clearer  we  endeavor  to  be  in  regard  to  the 
hypothetical  part  of  our  reasoning,  the  more  logical  will  be  our  con- 
clusions. There  is  an  undoubted  tendency  in  the  advance  of  civiliza- 
tion to  eliminate  traditional  elements,  and  to  gain  a  clearer  and  clearer 
insight  into  the  hypothetical  basis  of  our  reasoning.  It  is  therefore 
not  surprising  that,  with  the  advance  of  civilization,  reasoning  becomes 
more  and  more  logiail,  not  because  each  individual  carries  out  his 
thought  in  a  more  logical  manner,  but  because  the  traditional  material 
which  is  handed  down  to  each  individual  has  been  thought  out  and 
worked  out  more  thoroughly  and  more  carefully.     While  in  primitive'  I  c 
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civilization  the  traditional  material  in  doubted  and  examined  hy  only  a 
very  few  individuals,  the  number  of  thinkers  who  try  to  free  them- 
selves from  the  fetters  of  tradition  increases  am  civilization  adv&nc>«s. 

The  influence  of  traditional  material  upon  the  life  of  man    is   not 
restricted  to  bitt  thoughts,  but  manifesto  itself  no  letts  in  bit)  activiti^. 
The  comparison    between  civilized  man   and   primitive  man   in   tfaiii 
respect  is  even  more  instructive  than  in  the  preceding  case.     A  oom- 
parison  between  the  modes  of  life  of  different  nations,  and  particularly 
of  civilized  man  and  of  primitive  man,  makes  it  clear  that  an  enormous 
number  of  our  actions  are  determined  entirely  by  traditional  asiiMxiia- 
tions.     When  we  consider,  for  instance,  the  whole  range  of  our  daily 
life,  we  notice  how  strictly  we  are  dependent  upon  tradition  that  can 
not  be  accounted  for  by  any  logical  reasoning.     We  eat  our  three 
meals  every  day,  and  feel  unhappy  if  we  have  to  forego  one  of  them. 
There  is  no  physiological  reason  which  demands  three  meals  a  day,  and 
we  find  that  many  people  are  satisfied  with  two  meals,  while  others 
enjoy  four  or  even  more.     The  range  of  animals  and  plants  which  we 
utilize  for  food  is  liitiited,  and  we  have  a  decided  aversion  against  eatr 
iog  dogs,  or  horses,  or  cats.     There  is  certainly  no  objective  reason 
for  such  aversion,  since  a  great  many  people  consider  dogs  and  horses 
as  dainties.     When  we  consider  fashions,  the  same  becomes  still  more 
apparent.     To  appear  in  the  fashions  of  our  forefathers  of  two  cen- 
turies ago  would  be  entirely  out  of  the  question  and  would  expose  one 
to  ridicule.     The  same  is  true  of  table  manners.    To  smack  one's  lips 
is  considered  decidedly  bad  style,  and  may  even  excite  feelings  of  dis- 
gust, while  among  the  Indians,  for  instance,  it  would  be  considered  as 
in  exceedingly  bad  taste  not  to  smack  one's  lips  when  one  is  invited  to 
dinner,  because  it  would  suggest  that  the  guest  does  not  enjoy  his 
dinner.     The  whole  range  of  actions  that  are  considered  as  proper  and 
improper  can  not  be  explained  by  any  logical  reason,  but  are  almost 
all  entirely  due  to  custom;  that  is  to  say,  they  are  purely  traditional. 
This  is  even  true  of  customs  which  excite  strong  emotions,  as,  for 
instance,  those  produced  by  infractions  of  modesty. 

While  in  the  logical  procCMwes  of  the  mind  w©  find  a  decided  tend- 
ency, with  the  development  of  civilization,  to  eliminate  traditional 
elements,  no  such  marked  decrease  in  the  force  of  traditional  ele- 
ments can  be  found  in  our  activities.  These  are  almost  as  much  con- 
trolled by  custom  among  our.seIves  as  they  are  among  primitive  man. 
It  is  easily  seen  why  this  should  be  the  case.  The  mental  procet»«8 
which  enter  into  the  development  of  judgments  are  ba.sed  lai^ely  upon 
associations  with  previous  judgments.  1  pointed  out  before  that  this 
process  of  a.ssociation  is  the  same  among  primitive  men  as  among 
civilized  men,  and  that  the  difference  consists  largely  in  the  modifi- 
cation of  the  traditional  material  with  which  our  new  perceptionn 
amalgamate.     In  the  case  of  activities,  the  conditions  are  somewbat 
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different.  Hero  tradition  manifesb^  itself  in  an  ai'tion  performed  by 
the  individual.  The  more  frequently  this  action  is  repeated,  the  more 
firmly  it  will  become  established,  and  the  less  will  be  the  conscious 
equivalent  at^'companying  the  action;  so  that  customary  actions  which 
are  of  very  frequent  I'epetition  become  entirely  unconscious.  Hand 
in  band  with  this  decrease  of  consciousness  goes  an  increase  in  the 
emotional  value  of  the  omission  of  such  activities,  and  stilt  more  of 
the  performance  of  actions  contrary  to  custom.  A  greater  will  power 
is  required  to  inhibit  an  action  which  had  l>ecome  well  established; 
and  combined  with  this  effort  of  the  will  power  are  feelings  of  intense 
displeasure. 

This  leads  us  to  the  tbtid  problem,  which  is  closely  associated  with 
the  difference  between  the  manifestation  of  the  power  of  civilized  man 
and  of  primitive  man  to  inhibit  impulses.    It  is  the  question  of  choice 
as  dependent  upon  value.     It  is  evident  from  the  preceding  remarks 
that,  on  the  whole,  we  value  moat  highly  what  conforms  to  our  pre- 
vious actions.    This  does  not  imply  that  it  must  be  identical  with  our 
previous  actions,  but  it  must  be  on  the  line  of  development  of  our 
previous  actions.     This  is  particularly  true  of  ethical  concepts.     No 
action  can  find    the  approval  of  a  people  which  is   fundamentally 
opposed  to  its  customs  and  traditions.     Among  ourselves  it  is  consid- 
ered proper  and  a  matter  of  course  to  treat  the  old  with  respect,  for 
children  to  look  after  the  welfare  of  their  aged  parents;  and  not  to  do 
so  would  be  considered  base  ingratitude.     Among  the  Eskimo  we  find 
an  entirely  different  standard.     It  is  required  of  children  to  kill  their 
parents  when  they  have  become  so  old  as  to  be  helpless  and  no  longer 
of  any  use  to  the  family  or  to  the  community.     It  would  be  considered 
a  breach  of  filial  duty  not  to  kill  the  aged  parent,     Kevolting  though 
this  custom  may  seem  to  us,  it  is  founded  on  an  ethical  law  of  the 
{^kimo,  which  rcsU  on  the  whole  mass  of  traditional  lore  and  custom. 
One  of  the  best  examples  of  this  kind  is  found  in  the  relation  between 
individuals  belonging  to  different  tribes.     There  area  number  of  primi- 
tive hordes  to  whom  every  stranger  not  a  member  of  the  horde  is  an 
enemy,  and  where  it  is  right  to  damage  the  enemy  to  the  best  of  one's 
power  and  ability,  and  if  passible  to  kill  him.     This  custom  is  founded 
largely  on  the  idea  of  the  solidarity  of  the  horde,  and  of  the  feeling 
that  it  is  the  duty  of  every  member  of  the  horde  to  destroy  all  possible 
enemies.     Therefore  every  person  not  a  member  of  the  horde  must  be 
considered  as  belonging  to  a  class  entirely  distinct  from  the  members 
of  the  horde,  and  is  treated  accordingly.     We  can  trace  the  gradual 
broadening  of  the  feeling  of  fellowship  during  the  advance  of  civiliza- 
tion.   The  feeling  of  fellowship  in  the  horde  expands  to  the  feeling  of 
unity  of  the  trilH',  to  a  recf^nition  of  bonds  established  by  a  neigh- 
borhood of  haltitat,  and  further  on  to  the  feeling  of  fellowship  among 
members  of  nations.     This  seems  to  be  the  limit  of  the  ethical  concept 
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of  fellowship  of  man  which  we  have  reached  at  the  present  time. 
When  we  analyze  thr  strong  feeling  of  nationality  which  is  mo  potent  si 
the  present  time,  wo  rocognize  that  it  consists  lar^Iy  in  the  idea  of  the 
preeminence  of  that  community  whose  member  we  happen  to  be — in 
the  preeminent  value  of  its  language,  of  its  customs,  and  of  ibt  tradi- 
tions, and  in  the  belief  that  it  is  right  to  preserve  its  peculiarities  and 
to  impose  them  upon  th(?  rest  of  the  world.     The  feeling  of  nationality 
as  here  expre.s8ed,  and  the  feeling  of  solidarity  of  the  horde,  are  of  the 
same  order,  although  modified  by  the  gradual  expansion  of  the  idea  of 
fellowship;  but  the  ethical  point  of  view  which  imtkes  it  justifiaMe 
at  the  present  time  to  increase  the  well-being  of  one  nation  at  the  votit 
of  another,  the  tendency  to  value  one's  own  civilization  as  higher  tbaa 
that  of  the  whole  race  of  mankind,  are  the  same  as  those  which  pi-ompt 
the  actions  of  pi-iuiitive  man,  who  considers  every  stranger  as  ao  enemy. 
and  who  is  not  satisfied  until  the  enemy  is  killed.     It  is  somewhat  dif- 
ficult for  lis  to  re<'ognizo  that  the  value  which  we  attribute  to  our  owo 
civilization  is  due  to  the  fa<-t  that  we  participate  in  this  civilization, 
and  that  it  has  )H>en  controlling  all  onr  actions  since  the  time  of  our 
birth;  but  it  is  (Certainly  conceivable  that  there  may  be  other  civiliza- 
tions, based  perhaps  on  different  traditions  and  on  a  different  equilib- 
rium of  emotion  and  reason,  which  are  of  no  less  value  than  ours, 
although  it  may  be  impossible  for  us  to  appreciate  their  values  without 
having  grown  up  under  their  influence.     The  general  theory  of  i-alua- 
tion  of  human  activities,  as  taught  by  anthropological  research,  teaches 
us  a  higher  tolerance  than  the  one  which  we  now  profess. 

Oureonsiderations  make  it  probable  thatthe  wide  differences  between 
the  manifestations  of  the  human  mind  in  various  stages  of  culture  may 
be  due  almost  entirely  to  the  form  of  individual  experience,  which  is 
determined  by  the  geographical  and  social  environment  of  the  indi- 
vidual. It  would  .seem  that,  in  different  races,  the  organization  of  the 
mind  is  on  the  whole  alike,  and  that  the  varietiet«  of  mind  found  in  dif- 
ferent races  do  not  exceed,  perhaps  not  even  i-each,  the  amount  of 
normal  individual  variation  in  each  race.  It  has  been  indicated  that, 
notwithstanding  this  similarity  in  the  form  of  individual  mental  proc- 
esses, the  expression  of  mental  activity  of  a  community  tends  to  show 
a  characteristic  historical  development.  From  a  comparative  study  of 
these  changes  among  the  races  of  man  is  derived  our  theory  of  the 
general  development  of  human  culture.  But  the  development  of  cul- 
ture must  not  be  confounded  with  the  development  of  mind.  Culture 
is  an  expression  of  the  achievements  of  the  mind,  and  shows  the  cumu- 
lative effects  of  the  activities  of  many  minds.  But  it  is  not  an  expres- 
sion of  the  organization  of  the  minds  constituting  the  community, 
which  may  in  no  way  differ  from  the  minds  of  a  conmiunity  occupying 
a  much  more  advanced  stage  of  culture. 
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TKAPS  OF  THE  AMERICAN  INDIANS— A  STUDY  IN 
PSYCHOLOGY  AND  INVENTION. 


By  Otis  T.  Mason. 


That  iinicome  may  l)e  betrayed  with  treee, 
And  beare  with  glaeses,  elephants  with  holes, 
lions  with  toils,  and  men  with  flatteries,    •    •    • 

Let  me  work; 
For  1  tao  give  hie  humor  the  true  bent, 
And  I  will  bring  him  to  the  Capitol. 

— J'iliia  Creaar,  ii,  1. 

MEANINd    OF   THK   TERM    AMERICAN. 

America,  in  this  connection,  embraces  all  of  the  Western  Hemis- 
phere visited  by  the  native  tribes  in  their  activities  associated  with 
the  animal  kingdom.  It  might  be  allowed  to  exclude  a  small  ituml>er 
of  frozen  or  elevated  or  desert  regions  untrodden  by  human  feet, 
were  it  not  for  the  fact  that  most  of  these  were  the  resorts  of  zoo- 
morphie  gods,  creatures  of  the  aboriginal  imagination.  The  name 
America  must  in  this  study  include  also  those  oceanic  meadows  stretch- 
ing out  from  the  continents,  whereon  were  nourished  innumerable 
creatures,  which  dominated  the  activities  of  the  littoral  tribes. 

DEFINITION   or  THE  TERM   TRAP. 

A  trap  is  an  invention  for  the  purpose  of  inducing  animals  to  com- 
mit incarceration,  self-arrest,  or  suicide.  In  the  simplest  traps  the 
automatism  is  solely  on  the  part  of  the  animal,  but  in  the  highest 
forms  automatic  action  of  the  most  delicate  sort  is  seen  in  the  traps 
themselves,  involving  the  harnessing  of  some  natural  force,  current, 
weight,  spring,  and  so  on,  to  do  man^s  work. 

Id  capturing  animals  by  the  simplest  methods  they  are  merely  taken 
with  the  hand  a.^^  in  gathering  fruits.  By  a  second  step  they  are  har- 
vested with  devices —scoop  nets,  dippers,  seines,  hooks  that  are  sub- 
stitutes for  the  crooked  finger,  reatas,  dulls,  holas,  and  many  more. 
A  third  step  leads  to  active  slaughter  with  clubs  for  bruising,  knives 
and  axes  for  cutting  and  hacking,  and  with  a  thousand  and  one  imple- 
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menta  for  piercing  and  retrieving.     In  these  the  hunters  are  preaeni 
and  active,  making  war  on  the  animal. 

In  the  matter  of  automatism  there  is  no  great  gulf  bet^veen  tbf 
trapper  and  the  hunter.  At  both  ends  and  in  the  middle  of  the  trap'f 
activity  the  man  may  be  present,  but  not  to  the  victim.  Not  vFaidnp 
for  the  victim  to  go  to  its  doom  of  its  own  will,  the  hunter,  baving  set 
his  trap,  proceeda  to  entice  and  compel  the  game.  He  has  learned  to 
imitate  to  perfection  the  noises  of  birds  and  beasts— it  may  be  of 
those  he  is  hunting,  of  others  hunted  by  them,  or  their  enemies.  Hi 
knows  the  smells  that  are  agreeable  and  the  dainty  foods  moHt  liked. 
On  the  contrary,  he  also  knows  how  to  allay  suspicions  in  one  direc- 
tion, to  arouse  them  in  another— always  with  the  trap  in  bis  mind. 

The  at^tion  of  the  trap  it>ielf  is  also  frequently  assisted  by  the  hunter 
out  of  sight.     He  releases  the  pent-up  force  of  gravity,  of  elasticity. 

Finally,  the  result  of  the  trap's  action  is  to  hand  the  victim  over  to 
the  hunter  to  carry  away  or  to  kill.  Often  the  trap  does  the  killinR 
outright,  and  the  result  is  raw  material  for  the  elaborative  induA"trift'; 
but  in  other  cases  the  hunter  must  be  near  by  to  give  the  coup  de 
grfice.  The  instances  are  many  where  the  victim  must  be  dispatched 
at  once,  or  the  trap  will  be  destroyed  and  the  result  lost. 

THE   TRAP  A8  AN   INVENTION. 

As, intimated,  the  trap  teaches  the  whole  lesson  of  invention.  At 
first  it  is  something  that  the  animal  unwittingly  treads  on  (Mlddk 
Low  German,  treppen,  to  tread;  tramp  is  a  kindred  word).  At  last 
it  is  a  combination  of  movement  and  obstruction,  of  release  and  exe- 
cution, which  vies  in  delicacy  with  the  most  destructive  weapons. 
Gravity  and  elasticity  are  harnessed  by  ingenious  mechanical  com- 
binations. 

THE   TERM   PSYCHOLOOr. 

In  this  paper  the  term  "p.iychology"  stands  for  all  those  mental 
processes  that  are  caused  and  developed  by  trapping.  There  is  the 
mental  activity  of  the  animal  and  that  of  the  man.  The  trap  itself  i^ 
an  invention  in  which  are  embodied  most  careful  studies  in  animal 
mentation  and  habits.  The  hunter  must  know  for  each  species  i^ 
food,  its  likes  and  dislikes.  A  trap  in  this  connection  is  strategy- 
Inasmuch  as  each  species  of  animals  has  its  own  idiosyncrasies,  and  w 
the  number  of  spe<ries  was  unlimited,  the  pedi^gic  influence  of  this 
class  of  inventions  must  have  been  exalting  to  a  high  degree  for  die 
primitive  tribes. 

ITie  varieties  of  execution  to  be  done  by  the  trap  were  very  gre«t. 
It  had  to  impound  or  enci^e,  or  to  seize  by  the  head,  horns,  liinlw. 
gills;  to  maim,  crush,  slash,  brain,  impale,  poison,  and  so  on,  as  titough 
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it  had  rcason^thc  thought  of  the  hnnter  had  to  be  locked  up  in  itn 
partj«  ready  to  spring  at  a  touch.  Ah  population  increased,  wants 
bocamc  more  varied  and  aniroalij  became  more  scarce,  more  intellec- 
tual and  wary.  If  any  reader  of  this  may  himself  have  been  a  trapper 
be  will  remember  the  scrupulous  <:are  with  which  he  proceeded  at 
every  point,  to  make  the  parts  stable  or  unstable,  to  choose  out  of 
innumerable  places  one  that  to  a  careful  weighing  of  a  thousand  indi- 
cations seemed  best,  to  i^tet  the  trap  in  the  fittest  manner,  and  at  last 
to  co\'er  his  tracks  so  that  the  most  wary  <;reature  would  not  have  the 
slightest  suspicion. 

To  ciatch  a  fox  it  was  necessary  to  win  its  confidence,  and  this  the 
savage  know.  So  he  prepared  a  trap  that  was  perfectly  harmless,  and 
let  Reynard  walk  alx>ut  over  the  ashes  or  fresh  earth  or  chaff,  picking 
up  dainty  bite  until  all  suspicion  was  removed.  Then  was  the  time 
to  conceal  the  trap.  But  all  vestiges  of  human  hand  or  foot  must 
bo  removed,  and  the  apparatus  nmst  be  cleaned  and  smoked  most 
effectually. 

PARTS    OF  TRAPS. 

The  trap  has  two  classes  of  parts,  the  working  part  and  the  mechan- 
ical, manual,  animal  part.    The  victim  finds  itself  in  a  pound,  deadfall. 


Flu,  1.— Uutaut  Inp. 

(■age.  hole,  box,  toil,  noose,  or  jaw;  on  hook,  goi^,  pale,  or  knife, 
and  so  on.  This  tlangerous  element,  to  repeat,  may  not  need  any 
accessories.  The  fish  swims  into  a  fyke,  the  animal  walks  into  a  pit  or 
pound,  the  bird  or  climbing  animal  finds  itself  in  a  cage  with  ratcheted 
entrance  to  prevent  egress;  that  is  all. 

In  a  higher  stage  of  invention,  where  the  forees  of  gravity  and 
elasticity  are  invoked  to  do  the  incarceration,  arrest,  or  execution,! 
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there  baa  to  be  found  between  the  lure  and  the  execution  a  boat  of 
devices,  and  the»e  form  an  ascending  seriea  of  complexities.  The 
simplest  of  these  intermediary  inventions  is  an  unstable  prop  or  aap- 
portof  some  kind;  the  slightest  pull  at  a  bait  removes  the  ticklish 
thing,  and  weight  or  noose,  or  other  deadly  part,  is  set  free.  The 
trigger  and  the  catch  are  more  complicated  and  varied;  the  secret  of 
them  all,  however,  is  that  an  unstable  catch  is  released  by  the  animal 
in  passing,  in  prying  curiosity,  in  gnawing,  or  in  rubbing;  this  is  con- 
nected by  means  of  sticks  and  strings  to  the  last  release,  since  the 
operation  of  releasing  is  in  connection  with  the  device  in  which  tbi" 
force  is  confined  and  by  which  the  work  is  to  bo  done.  In  the  hig-best 
forms  of  weight  traps  and  spring  traps  there  are  veritable  machines, 
since  they  change  the  direction  and  effect  of  motion.  It  is  on  these 
that  most  ingenuity  has  been  expended,  and  in  them  is  exhibited  that 
wonderful  threefold  play  of  working  forw,  work  to  be  done,  and  proc- 
esses of  reaching  the  end.  Variations  in  the  materials  utilized  will 
play  no  mean  part,  also,  in  a  continent  covering  all  zones  save  the  ant- 
arctic,  all  elevations  at  which  man  can  live,  and  all  varieties  of  vegetal 
phenomenagrowingoutof  temperature  and  rainfall.  Toproceed  with 
some  order  it  will  be  netiossary  to  divide  the  Western  Hemisphere  into 
convenient  culture  areas.  The  following  will  serve  for  a  provisions/ 
list: 

Amtriivn  culture  orrog. 
Ar«u,  People*. 

1 .  Arctic Eskimo. 

2.  Canadian Athapascan. 

3.  Atlantic  alope A iKontiuiati- Iroquois. 

4.  Mitteissippi  Valley Siouan. 

5.  Louisiana  or  Gulf Muskhc^ean. 

6.  Southeastern  Alaska Haitla-Koluschan. 

7.  Columbian  region SaliHh-Chinookan. 

8.  Interior  basin Slioshonean. 

9.  California  region Very  mixed  ptocks. 

10.  Pueblo  region Tanoan-Tewan  and  Sonoran. 

11.  Middle  American Nahua-Mayan. 

12.  Cord illeran  region Chibcha-Keohuan. 

13.  Antillean  ref^on Arawak-Caribbean, 

H.  Up|ier  Aniaionian Jivaro,  I'elia,  Pnno,  et<;. 

15.  FAsl«ni  Brazilian  region Tupi-Guarani,  Tapuya. 

16.  Mato  (irosHO  and  [ii,>uth«'ani Mixed  in,i)pleot  Brazilian  and  Andean  types. 

17.  Argentina-Patagonian  region Chaco,  Pam|waii,  and  Patagonian  stocks. 

18.  Fuegian  region Aliculnf,  Oua,  and  Yaligan. 

The  inquiry  will  not  be  raised  here  whether  the  traps  not  made  of 
metal  and  found  in  the  hands  of  the  Ameri«»n  8avage.s  are  entirely 
aboriginal,  or  whether  there  has  been  acculturation.  A  good  knowl- 
edge of  the  ti'aps  as  they  exist  or  existed  will  go  far  toward  settling 
the  question  of  origin. 
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CLASSIFICATION   OF  TRAPS. 

IVapH  arc  varioiisly  ctaositied  a4-4'ording  to  the  concept  in  the  tttudent*» 
mind.  If  it  bo  the  natural  element  in  which  they  work,  there  will  l>e 
land  trap.s  for  mammalis,  birds,  reptilei),  and  invertebrates;  water  trapx 
for  mammals,  birds,  reptiles,  tishes,  and  invertebrates;  and  air  traps 
for  birds  and  insect'). 

With  reference  to  their  parts,  cither  mechanical  or  efficient,  there 
are  a  multitude  of  names  which  will  appear  in  a  separate  vocabulary. 
In  the  aettin^  they  are  man  set,  self-set,  ever-set,  and  victim-set. 

For  the  purpose  of  this  paper  traps  may  be  divided  into  three  groups, 
namely:  (A)  Inclosing,  (B)  arresting,  (C)  killing.  In  each  of  these  wo 
nmy  begin  with  the  simpler  foims — those  with  the  least  mechanism — 
and  end  with  those  that  are  more  intricate. 

A. — Indonng  trapt. 
(a)  Pen — liam,  pound,  fyke. 
(6)  Ca^ — mop,  pocket,  oone,  flah  trap. 

(c)  I^t— pitfalls. 

(d)  Door — with  trigger,  fall  cage,  or  fall  door. 

B. — Arreiling  (rryvt. 
(e)  Mesh— gill,  toil«,  ratchet. 
(/)  Set  hook — Bet  line,  gorge,  trawl. 
{g)  Noose — en&re,  springe,  fall  snare,  trawl  snare. 
(A)  Clutcti — bird  lime,  mechanical  jaws. 

C. — Kiilitui  Irain. 
(t)  Weight-fall,  dead  fall. 
(jt)  Point — impeding,  etomach,  miarile. 
[l]  Edge — wolf  knife,  braining  knife. 

A. — tNCLOSINO   TRAPS. 

Inclosing  traps  are  those  which  imprison  the  victim,  moat  of  them 
without  doing  any  further  bodily  harm,  though  there  may  be  added 
to  these  some  other  devices  which  will  injure  or  kill.  There  are  four 
kindsof  inclosing  traps:  {a)  Pen  traps,  {b)  cage  traps,  (c)  pit  traps,  (d) 
door  traps. 

(a)  Pen  traps. — These  include  pounds  or  corrals  on  land,  and  dams, 
fisb  pens,  and  fykes  in  the  water,  the  idea  being  simply  to  inclose.  Traps 
of  this  sort  have  oo  tops  and  therefore  are  not  useful  for  birds.  In 
connection  with  other  forms,  small  inclosures  are  used  to  surround  the 
bait  and  to  guide  the  victim  in  a  certain  direction.  How  the  animal 
gets  in,  how  it  is  kept  in,  and  what  is  done  to  it  afterwards  will  decide 
whether  the  pound  is  a  trap  or  a  corral  or  whether  it  is  a  reservoir,  an 
abattoir,  or  a  domesticating  device.  The  simplest  form  of  pound  is  of 
brush  or  reeds,  and  confines  whatever  enters,  lai^e  or  small;  but  the 
perfect  form  has  interstices  carefully  adapted  to  retain  certain  speciea 

8M  1901^ -30  C'.OOgIc 


46fi  TRAPS    (>!■-    THE    AMERICAN    INDIANA.  I 

and  to  allow  others  to  em-apo,  or  holdrt  the  adtilt  individual  in  and  let» 
tbo  tjiiiail  and  young  out.     The  savage  triheii,  further,  eould  make  niov-   i 
aI)lo  walh  of  reeds  and  long  nets.     Indeed,  the  great  impounding  net- 
arc  the  last  word  in  the  stirtes.     Add  to  the  pound  an  entrance  and   i 
there  Ixtgiiis  another  sot  of  inventions  around  the  notion  of  .shutting.    | 
A  giitewaj'  may  l>e  closed  by  nature  or  by  device.     The  tide  faUu   and    i 
leaves  atiiiativ  ei'eatures  iiii]>risoned.     Antmuls  get  under  ^uuie  ol>sta-    | 
do  and  win  not  surmount  it.     They  corral  themselves.     A   gute^raj    | 
may  !>e  guarded  liy  sentinels  also,  but  gates  may  be  intentionally  shut 
or  a  iH)nnd-sha|>ed  Iwirrier  lie  set  up,  so  that  the  return  of  those  which    ■ 
puss  in  is  ini^iossnile.     Most  pounds,  whether  in  water  or  on  land,  have 


some  natui-al  or  artiliciiil  lane  for  conducting  the  game  to  the  gate- 
way. On  either  side  may  Iw  precipices,  trees  with  ropes  or  wattles 
between  wing  nets,  or  smnething  of  the  kind,  along  which  animalti 
pursue  their  natural  course  and  are  lure,d  or  driven  to  the  pen  (fig.  2). 
(i)  <'iif/<;  //vz/M.^Inthischissuiust  Iw  gr<nipe<lall  forms  of  coops  and 
strong  house  ti-aps  on  land,  and  a  grejit  \ariety  of  coneys,  pockets, 
and  fi«h  traps  in  the  watci-s.  All  of  these  arc  designed  for  climbing, 
flying,  or  swimming  tifiitures.  The  cage  or  coop  trap,  completely 
inclosed  on  every  side,  is  a  step  in  advance  of  an  open  pen,  whether 
on  laud  or  in  the  water.  The  majority  of  cage  tmps  have  funnel- 
shaped  entrances,  into  which  the  animal  pisses  easily  and  unrestrained, 
but  exit  is  prevented  by  means  of  a  pointe<l  strip  of  wood  or  other 
substance  acting  as  a  nitchet;  or  in  the  ca.se  of  nets,  the  small  end  of 
r.,i    ,1     CaH")'^lc 
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tlie  funiiol  conoiistM  of  asorieii  of  string  gates  which  tliu  aninml  pa«i»o», 
a,iid  these  close  the  mouth  of  the  net  so  a^  to  prcv«nt  csi^pe  (tig.  3). 

Among  the  EskiDio  a  unique  contrivatiee  for  i-ab-hitig  foxes  was  a 
net  which  was  made  to  be  set  around  a  burrow,  in  the  i-omers  of  which 
wore  long  pockets,  opening  wide  into  the  net,  but  gradually  contract- 
ing until  the  fox  could  go  no  farther.  Endeavoring  to  tiirn  hack,  it 
became  hopelessly  entangled  and  died  of  fright  and  cold. 

(c)  Pita. — The  digging  of  pits  was  not  common  in  America  before 
the  discovery,  owing  to  the  lack  of  metallic  excavating  tools.     Pits 
partially  dug  out  and  partially  built  up  wore  seen  heiv  anil  there  as  a 
blind  for  the  hunter,  who  concealed  himself 
therein.     BoaiS,  quoting  Lyon,  describes  an 
li^kimo  fox  trap  in  the  snow  into  which  the 
animal  jumped  and  was  unable  to  extricate 
itself. 

The  central  Eskimo,  according  to  the  same 
authority,  dig  a  wolf  tmp  in  the  snow  and 
cover  it  with  a  slab  of  snow  on  which  the 
bait  is  laid.  The  wolf  breaks  through  the 
roof,  and  as  the  bottom  of  the  pit  is  too 
narrow  to  afford  him  jumping  room,  he  is 
caught. 

The  Crce,  in  the  Saskat«;hewan  country, 
place  at  the  end  of  their  deer  drives  a  log  of 
wood,  and  on  the  inner  side  make  an  excava- 
tion sufficiently  deep  to  prevent  the  animal 
from  leaping  back. 

Pitfalls  are  said  tu  have  been  uscil  by  the 
Indians  of  Massachusetts.  They  arc  de- 
scribed as  oval  in  shape,  3  rods  long  and  15 
feet  deep.  Ki.i.a  -ki-ii  imp. 

The  Concow  Indians  of  California  are  said 
to  eat(;h  gi'asshoppers  for  food  by  driving  them  into  pits.  The  A(^ho- 
mawi,  or  Pit  River  Indians,  dug  deer  pitfalls  10  or  13  feet  deep  by 
oiean.'j  of  sticks,  and  carried  the  earth  away  in  >>aMkets.  In  southern 
Brazil,  also,  wild  beasts  were  caught  in  pits  dug  for  that  puriHise  and 
covered  with  leaves. 

('/)  DiMir  trapn.^T\\G  last  form  of  inclosing  trap  to  l)c  iticntione<l 
here  is  also  the  most  mechanical;  it  includes  those  in  which  a  door 
falls  and  incloses  the  animal,  or  in  which  a  cage,  one  side  of  which  is 
held  up  by  an  unstable  prop,  falls  and  incloses  the  .victim. 

Parry  describes  a  small  house  trap,  made  of  ice  and  used  by  the 
Eskimo  for  foxes,  at  one  end  of  which  was  a  door  made  of  the  same 
material,  to  slide  up  and  down  in  a  groove.  This  door  was  sustained 
by  a  line  which  passed  over  the  roof  and  was  caught  inside  on  a  hook 
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of  ice  bv  means  of  a  Iooha  grummet  to  which  the  bait  was  faatened. 
The  fox,  pulling  at  the  bait,  released  the  door  of  ice  and  found  itself 
in  prison. 

Crantz  dcftcritiOM  a  house  trap  used  by  the  Greenlanders  in  which  a 
broad  8tone  forms  the  movable  door.  I  have  seen  a  trap  of  similiLr 
mechanism  used  by  folks  in  eastern  United  States,  in  which  a  eagt^  or 
basket  is  propped  up  with  a  loop  of  splint;  this,  pulled  inside  by  the 
animal  tugging  at  the  bait,  brings  down  the  cage  over  the  victiiu. 
Doubtless  this  form  of  imprisoning  animals  designed  to  be  taken  alive 
was  quite  well  spread  over  the  continent. 


The  arresting  traps  are  designed  to  seize  the  victim. 

{e)  ifeah  nets. — The  mesh  net  is  based  on  the  fact  that  animals,  bj 
the  conformation  of  their  bodies  or  by  the  set  of  the  hair,  featherH,  or 
gills,  may  racbet  themselves.  To  this  class  belong  '^toils''  for  land 
animals,  trammels  and  gill  nets  for  aquatic  animals. 

Among  the  archajologic  treasures  of  our  National  Museum  are 
many  net  sinkers,  which  would  lead  to  the  conclusion  that  netting  is 
an  old  art  among  the  aborigines.  The  majority  of  netting  devices  are 
for  aquatic  animals,  but  tribes  on  the  coast  of  British  Columbia  sus- 
pend nets  between  poles  in  order  to  capture  migratory  geese  and  ducks. 
The  Eskimo  make  nets  of  sinew,  of  rawhide,  and  of  baleen;  these  are 
set  across  the  rivers  in  open  water,  but  more  ingeniously  under  the 
ice  by  means  of  holes  cut  at  such  distances  apart  as  to  enable  the  fish- 
ermen to  draw  the  net  out  and  in. 

A  device  somewhat  in  the  nature  of  this  is  used  by  Uie  Eskimo  of 
Point  Barrow  for  catching  seals;  four  holes  are  drilled  through  the 
ice  ab(»ut  a  breathing  hole;  from  thescanet  isset  under  the  breathing 
hole,  the  lines  being  worked  through  the  four  corners  of  the  space; 
the  net  is  hung  under  the  ice,  and  the  seal  coming  to  breaUie  is  entan- 
gled therein. 

Gill  nets  are  set  for  seal  after  the  ice  forms  along  the  shore.  Mur- 
doch reports  that  smaller  seals  are  captured  also  in  meshing  nets  of 
rawhide  set  along  the  shore  in  shallow  water;  he  thinks  that  the  mesh- 
ing netJ4  in  northern  Alaska  came  from  Siberia. 

Elliott  illustrates  Eskimo  women  catching  salmon  in  a  gill  net  con- 
sisting of  a  pole  and  a  triangular  net  attached.  The  pole  restd  on  a 
stoneatthe  water  line,  while  the  net  sinks  in  the  water;  as  soon  as  afish 
strikes,  the  women  lift  the  pole,  extricate  the  fish,  and  reset  the  net 

Mesh  fishiug  is  also  quite  common  among  the  Athapascan  tribes, 
both  on  the  Yukon  and  on  the  Mackenzie.  Charlevoix  states  that  in 
St.  Francis  River,  Canada,  the  Indians  made  holes  in  the  ice,  throngh 
which  they  let  nets  five  or  six  fathoms  long;  he  also  descrilies  the 
taking  of  lieaver  by  means  of  nets.  ^ 
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ij^  5ci  hooka. — These  may  t>e  employed  on  land  or  in  the  water. 
A  toggle  or  gorge  may  be  m  baited  or  placed  that  a  duck  or  a  goose, 
by  diving  and  swallowing  it,  may  be  held  under  the  water  and 
drowned.  A  single  hook  may  be  set  for  vermin,  or  baited  and  left  in 
the  water,  especially  for  large  fish;  for  the  smaller  fish,  the  trawl  or 
trot  line  holding  several  hooks  may  be  stretched  across  a  body  of 
water,  and  thus  the  game  may  be  secured  in  the  absence  of  the 
fisherman. 

In  one  sense,  many  hooks  used  in  tAking  birds  and  fishes  ai-e  traps. 
They  are  baited  and  cast  into  the  water  or  placed  in  such  position  on 
land  that  the  hunter  is  out  of  sight.  A  line  is  attached  to  hooks  of 
this  kind,  one  end  of  which  may  be  held  in  the  hands  of  the  hunter  or 
tied  to  a  buoy  or  other  signal  device. 

It  is  interesting  to  note  that  fishhooks  are  not  found  in  many 
American  areas — large  regions  are  entirely  devoid  of  them,  and  in 
ancient  mounds  and  works  such  relics  are  wanting.  No  picture  of  a 
fishhook  is  seen  in  any  Mexican  or  Maya  codex,  and  Von  den  Steinen 
notes  the  entire  absence  of  fishhooks  from  large  places  on  the  affluents 
of  the  Amazon.  The  simplest  form  of  this  class  of  devices  was  seen 
by  Lumholtz  among  the  Tarahumari  in  northern  Mexico;  they  catch 
blackbirds  by  tying  corn  on  a  snare  of  pita  fiber  hidden  under  the 
ground;  the  bird  swallows  the  kernel,  which  becomes  toggled  in  its 
lesoph^uH,  and  can  not  eject  it. 

In  the  order  of  complexity — a  removal  from  the  mere  action  of 
hand  hooks  for  capture— hook  traps  may  be  divided  into  the  following 
classes:  The  seed  on  a  string;  the  goi^e;  hook  at  the  end  of  a  string, 
squid  hook;  baited  books;  compound  hooks;  barbed  hooks;  and  auto- 
matic hooks. 

(g)  JVbosf. — This  is  a  most  interesting  class  of  traps.  A  string  or 
thong  or  i-ope,  or  a  bit  of  whalebone  and  sinew,  may  have  one  end 
looped  around  itself  so  as  to  slip  with  perfect  ease;  the  other  end  will 
be  fastened  to  some  object.  This  noose  may  be  ho  placed  that  the 
animal  will  run  iU  head  or  ito  foot  into  it  and  be  caught;  or  it  may  be 
attached  to  a  bent  sapling  or  some  (onu  of  springe  which  is  held  down 
by  a  device,  to  be  liberated  by  the  animal  coming  to  seize  the  bait  or 
lure.  In  order  to  prevent  the  animal  from  gnawing  the  snare,  per- 
forated sticks  may  be  suspended  just  over  the  knot,  thus  making  a 
very  complicated  devic*.  The  noose  may  be  used  in  the  air  for  birds 
on  the  wing,  on  the  land  in  many  ways,  and  sparingly  in  the  water. 

Boas  says  that  among  the  central  Eskimo  waterfowl  of  all  descrip- 
tions are  caught  in  abundance  in  wbaletwne  nooses  fastened  to  a  long 
whalebone  line  or  to  a  thoug.  Hares,  ermines,  and  lemmings  are  afso 
taken  in  whalebone  snares.  E.  W.  Nelson  describes  a  noose  forcatch- 
ing  Parry's  marmot,  which  involves  a  form  of  release  mentioned  also 
w  used  among  the  Iroquois.     The  victim  enters  the  leadway  as.  usual,, 
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and  instead  of  pullmg  at  the  bait  to  release  the  spring,  it  gnaws  in  two 
a  string  which  holds  the  snare  down  and  which  has  something"  on  it 
appetizing  to  the  animal.  In  the  Iroquois  rabbit  trap  the  string'  is 
steeped  in  salt  (fig,  1). 

The  simplest  nooses  at  Point  Barrow  ai-e  made  of  baleen  and  set 
around  where  tine  gravel  has  Ix'en  placed  to  attraet  the  birdis.  Ac- 
counts are  also  given  of  nooses  of  whalel>one  set  in  water  along-  the 
shores  where  ducks  dive  for  their  favorite  plants,  and  which  catch 
the  l)irds  by  the  neck.  This  reminds  one  of  the  use  of  the  nieah 
net  for  the  same  purpose  in  California.  From  Nelson  and  other 
observers  among  the  I<^kimo,  and  from  the  examination  of  colle<^tionci 
in  the  museums,  it  is  learned  that  the  methods  and  pla<-es  of  setting  a 
noose  are  limited  only  by  the  liabittJ  of  the  different  animals. 

In  the  Mackenzie  River  country,  and  wherevei-  the  Hudson  Ray 
Company'pi  people  have  prosecuted  their  work,  the  snare  and  the  springe 
are  very  <'ommonly  employed.  Even  reindeerand  mooseare  strangled 
by  means  of  snares  set  In  their  way.  Father  Moriee  figures  in  tiie 
Transactions  of  the  Canadian  In-^^titute,  1S94,  a  great  variety  of  appli- 
cations of  the  noose. 

In  Wood's  New  England  Canaan  we  have  the  quaintest  description 
of  II  New  England  trap: 

"The  Salvages  bike  these  in  trappes  made  of  their  naturall  Hempe 
which  they  place  in  the  eai-the  whom  they  fell  a  tree  for  browse  and 
when  he  roundc--^  the  tree  for  the  browse  if  hee  tread  on  the  trap 
he  is  horsed  up  by  the  Icgg  by  means  of  a  pole  that  staits  up  and 
catehcth  him.'"' 

The  gentleman  of  Elvas ''  gives  the  following  dest^iption  of  the  trap 
among  the  Autiamgue  tribes: 

"  With  groat  springes  which  lifted  up  their  feet  fi-om  the  ground; 
and  the  snare  was  made  with  a  strong  string,  whereunto  was  nistened 
a  knot  of  a  cane,  which  ran  close  alwut  the  neck  of  the  conie,  l)e<«u8e 
they  should  not  gnaw  the  string." 

Teit,  in  his  account  of  the  Thompson  River  tribe,"  describes  deer 
fences  and  springes  used  in  <-ati'hing  targe  and  small  animals.  Mrs. 
Allison  dcMrriljcs  snares  for  catching  doer  and  bii'ds  in  the  same 
region.  This  custom  prevails  also  in  California  among  many  tribes 
described  l)y  Frast  and  Powers.  Zuiii  boys  cat<'h  blackbirds  with 
snares  made  of  horsehaii*  fastened  to  a  rope;  these  snai'es  arc  laid  on 
the  ground  and  seeds  placed  l«!twcen.  When  the  birds  alight  they 
put  their  feet  into  the  snai-e  and  are  drawn  up  and  captured.  The 
older  Zuilis  drive  sunliuwor  stalks  into  the  ground  and  fasten  a  noose 
on  the  top.     When  a  hawk,  watching  for  field  mice,  alights  on  the 

•New  EnglaiH)  I'rosiie<-(,  Prince  .Society;  Biislon,  188.1,  p.  202. 
""Hokluyt,  Voyages,  Vol.  Ill,  |i,  114. 

'MpmoirH  o[  Ihe  AniiTii'Hil  MiiReuniol'  Natiinil  History,  .4nthra|iology,  Vol,  J  I, 
l>p.  2-)7-24»,  Urm.  228,  22!). 
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stalks,  its  feet  ai*e  ensnared;  being  unable  to  rise,  the  hawk  remains 
stupidly  on  its  peruh  and  allows  itself  to  be  captured. 

The  Tarahumari  of  Chihuahua  are  very  ingenious  in  trapping  rata, 
gophers,  and  deer.  The  ancient  inhabitants  of  Copan  caught  quetzal 
birds  in  snares,  and  having  plucked  their  beautiful  feathei-s,  set  them 
lit  lil>erty  again.  In  southern  Ih'azil  liirds  were  snared  by  the  feet, 
by  the  neck,  and  by  the  IkkIv.  The  Fuegians  also  use  baleen  nooses, 
which  are  set  hidden  in  thegrass  for  the  purpose  of  catehing  parti'idgea 
nnd  other  birds. 

(A)  Clutehiiuj  (ievti¥x  are  best  exemplified  by  bird  lime.  The  oi-di- 
nary  jaw  trap  of  the  hunters  may  bo  placed  in  this  class;  the  common 
Ktccl  i*at  trap  is  a  good  example.  It  is  possible  that  spring  twts  may 
have  been  used  in  certain  parts  of  Amei'icn  l>efoi'c  the  discoveiy,  but 
the  principle  involved  in  the  metallic  clutching  traps  was  not  known. 


The  principles  involved  in  killing  traps  are  those  mentioned  under 
"hunting,"  as  crushing,  piertnng,  and  cutting. 

(i)  M^tflght  t/iij). — The  simplest  form  of  killing  trap  is  the  <lead  fall, 
in  which  a  heavy  weight  drops  suddenly  upon  the  animal,  destroying 
its  life.  The  most  interesting  jmrtsotthedejid  fall  are  the  inventions 
for  securing  an  unstable  support  of  the  weight  and  for  releasing  this 
support  by  means  of  the  trigger  or  Imit  contrivance.  There  are  few 
separate  accessory  applian<rcs  to  the  dead  fall,  since  the  animal  is  slain 
outright. 

The  fall  trap  was  found  in  several  of  the  areas  mentioned.  Essen- 
tially, initsleastcomplexform,  it  consists  of  five  parts:  A  heavy  weight 
to  crush  the  animal,  a  fixed  support  (perhaps  a  stake  in  the  ground), 
an  unstable  support  on  which  the  weight  rests,  a  catch  which  pi-events 
the  weight  from  fulling  until  the  iMiit  is  nibbled  or  the  string  pulled, 
and,  la.stly,  the  trigger  itself.  TheCenti-al  andWestei'n  Eskimo  form 
of  dead  fall  has  a  slab  of  ice  as  a  crushing  weight.  The  Hudson  Bay 
Company's  nati\'e  trapjwrs  have  a  great  variety  of  this  particular 

type-  ,  _     , 

Maximilian  tigurcs  a  dead  fall  used  for  Iwai-s  in  Pennsylvania,  The 
animal  walks  between  two  logs.  Above  are  two  logs  fasttmed  tirmly 
together.  These  are  held  up  by  a  (!rossl>ar  supported  between  two 
sticks.  A  lever  attached  to  the  log  passes  over  the  crossbai'  and  is 
held  down  at  either  end  in  a  ratchet,  where  there  is  a  liait.  The  liear 
crouches  between  the  logs,  pulls  the  trigger,  and  releases  the  lever, 
which  flies  up  and  lets  the  ring  that  supports  the  fall  slip,  off;  then 
comes  the  tragedy. 

Similar  tnips  are  noted  in  British  (Jolumbia  and  throughout  the 
southwestern  country,  but  not  in  middle  America  or  in  South  America. 
The  Hopi  of  Arizona,  according  to  Dr.  Hough,  have  two  very  urimi- 
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tive  forms  of  dead  fall;  one,  for  foxet),  consutx  of  a  heavy  stoae  sixb 
worked  between  two  upright  slabs  for  wings.     One  end  of   the   prop 
rests  above  ^^inst  the  stone;  the  other  end  rests  on  a  cobblestone 
beneath.     The  least  touch  of  the  prop  rocks  the  cob- 
■  blestone  and  lets  the  weight  down  upon  the    fox.      Id 

"  another  form,  used  for  taking  birds,  the  box   and  the 

fall,  or  Htone  stab,  are  similar.  The  release  consists  of 
the  following  parU:  First,  the  upright  and  the  notched 
catch,  precisely  as  in  the  6gure-4  traps.  To  the  bottom 
of  the  notched  catch  a  short  string  is  tied,  haviDg'  at 
the  other  end  a  small  wooden  toggle,  which  is  held  by 
a  little  rod  resting  against  it  and  caught  at  its  other 
extremity  in  the  grains  of  the  sandstone  slab.  The 
least  touch  overcomes  the  friction  between  the  trigger 
and  the  .slab.  This  setM  free  the  toggle,  which  unwinds 
from  the  post,  the  hook  catch  flies  up,  and  the  weight 
falls. 

(i)  Point  traps  of  the  highest  oi-der  were  not  com- 
mon in  America;  that  is,  the  use  of  arbalest  or  bow  for 
A  the  purpose  of  driving  an  arrow  or  bolt  into  the  victim 
or  for  impaling,  jar  the  use  of  sharpened  sticks  in  the 
pathway  of  land  animals;  but  the  throwing  in  the  way 
of  carnivorous  animals  of  sharpened  whalebone  splin- 
ters wrapped  in  fat  was  practiced. 

Bancroft  mentions  a  bear  trap,  used  by  the  Aleuts, 

u^  consisting  of  a  board  2  feet  square  and  2  inches  thick, 

furnished  with   barbed   spikes,  which  was  placed  in 

Bruin's  path  and  covered  with  dust.     The  unsuspecting  stepped  upon 

the  smooth  surface,  when  bis  foot  sank  and  was  pierced  by  one  of  the 

barbed  hooks.     Maddened  with  pain,  he  put  forth  another  foot  to 


assist  in  pulling  the  first  away,  when  that,  too,  was  caught.  When  sll 
four  of  the  feet  were  spiked  to  the  Iward  the  beast  fell  over  on  its 
back  and  its  career  was  soon  ended  l>v  thi'  hunter.         C  lOOi^lc 
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The  wolf  Imit,  made  of  a  piece  of  whalebone  Hharpened  at  both  ends 
and  doubled  up,  has  beeo  mentioDed  by  Boas,  and  examples  of  the 
scune  device  were  brought  to  the  National  Museum  by  Nelson  from 
St.  Michael,  Alaska  (lig.  4). 

Liumholtz  says  that  the  Tarabumari  catch  deer  by  putting  sharpened 
sticks  in  the  track  and  stampeding  the  animals  with  dogs. 

(0  £^e  traps. — There  were  in  America  two  forma  of  knife  or  cut- 
ting traps  of  the  most  ingenious  character.  One  may  be  called  the 
wolf  knife.  A  sharpened  blade  was  inclosed  in  a  frozen  mass  of  fat 
and  stuck  up  in  a  block  of  ice.  The  wolf,  licking  the  fat,  cut  its 
tongue.  The  taste  of  the  blood  infuriated  the  animal,  so  that  by  lick- 
ioK  the  knife  more  it  caused  a  larger  flow  of  blood.  All  the  other 
■  members  of  tlie  pack  were  attracted  to  the  same  spot,  devouring  one 
another  for  the  sake  of  the  blood,  till  all  were  destroyed. 

Another  form  of  edge  trap  is  found  in  Alaska,  where  the  blades  are 
attached  to  one  end  of  a  lever,  the  other  end  of  which  is  inclosed  in  a 
torsion  spring  of  rawhide.  The  animal  stops  to  pick  the  bait,  pulls 
the  trigger,  and  releases  the  unstAble  hook  catch;  the  knives  fly  over 
and  the  victim  is  brained  (tig.  5). 
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THE  ABBOTT  COLLECTION  FROM  THE  ANDAMAN 
ISLANDS. 


By  Lieut.  W.  E.  Safpokd,  U.  S.  N. 


The  Andaman  Archipelago  is  h  small  group  of  densely  wooded 
islands  alwut  1,760  square  miles  in  area,  situated  in  the  Bay  of  Bengal 
near  the  meridian  of  93*^  ea.st  longitude  and  lietween  the  tenth  and 
fifteenth  pamlleU  of  north  latitude.  The  group  lies  about  181)  milea 
southwest  of  Cape  Negmis,  Burma,  and  is  separated  from  the  Nicobar 
Islands,  lying  to  the  southward,  by  a  channel  60  miles  wide. 

UreAt  Andaman,  the  largest  and  most  important  member  of  the 
group,  is  a)x)ut  140  miles  long.  Though  apparently  a  single  island, 
it  is  divided  by  narrow  .channels,  or  creeks,  into  several  parts,  the 
principal  of  which  ai'c  known  as  North  Andaman,  Middle  Andaman, 
and  South  Andaman.  A  short  distance  to  the  eastward  of  South 
Andaman  lies  a  group  of  islands  known  as  the  "Archipelago;"  to  the 
southward,  separated  from  South  Andaman  by  MaePherson  Strait,  is 
Kntland  Island;  and  south  of  this  are  Cinque  Islands. 

Narcondam  and  Barren  Islands  are  outlying  volcanic  islets,  the 
latter  situated  about  45  sea  miles  east  of  the  northern  part  of  the 
"  Archtp<'lago."  and  between  Great  Andaman  and  the  Nicobar  group 
lies  Little  Andaman. 

Dr.  W.  L.  AblHitt,  accompanied  l»y  Mr,  0.  Boden  Kloss,  visited 
the  Andamans  in  January,  1901,  collecting  objects  of  ethnological 
interest,  together  with  specimens  of  mammals,  -birds,  and  reptiles. 
He  first  touched  at  Barren  Island,  which  he  found  overrun  with 
goats,  descendants  of  animals  left  there  by  the  English  officials  of 
Port  Blair.  Forests  have  spread  over  the  outer  slopes  of  the  volcano, 
wiiich  forms  the  island,  and  the  slopes  of  the  crater  are  partially 
covered  with  jungle.  The  cone  in  its  interior  and  the  lava  streams  on 
thf,  floor  are  still  devoid  of  vegetation.  The  island  is  uninhabited. 
After  collecting  spei'imens  of  rodents  and  of  birds  on  Barren  Island 
he  proceeded  to  the  "Archipelago,"  dropping  anchor  in  Kwantung 
Straits  near  Henrj'  Lawrence  Island. 

At  Port  Blair,  on  South  Andaman,  where  the  English  have  a  convict 
settlement,  and  a  "  refuge  house  "  for  the  l)enefit  of  shipwrecked  sailors, 
he  saw  the  native  Andamane^e  foi*  the  fii-st  time.     In  a  letter  accom-     ■ 
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psnying  bi»  notcH  on  the  collections  made  by  him,  Dr.  Abbott  says  that 
a  small  tribe  of  hostile  Andamanese  wanders  about  South  Andaman. 
and  another  one  inhabits  the  south  end  of  Rutland  Island. 

From  Port  Blair  Dr.  Abbott  went  to  MacPherson  Strait,  dropping 
anchor  between  South  Andaman  and  Rutland  Island.     Here  he  set  his 
traps  and  caught  a  Paradoj^uruHi  or  "miisang,"  an  animal  belonping 
to  the  civet-cat  family,  the  bones  of  which  the  natives  frequently  make 
into  necklaces.     Dr.  Abbott  was  struck  by  the  abuence  of  squirrels. 
which  on  the  neighboring  coasts  of  the  continent  and  on  many  i.slaDd:< 
adjacent  to  it  are  abundant.    The  next  stoppage  was  at  North  Cinque 
Island,  whence  he  went  to  Little  Andaman,  anchoring  off  the   mouth 
of  BumilaCreek,  at  the  northern  extremity.    The  natives  were  friendly, 
but  brought  off  to  the  ship  with  them  '^  quantities  of  a  beastly  little  fljr 
that  made  life  well-nigh  unendurable."    The  commissioner  at  Poiut 
Blair  had  warned  Dr.  Abbott  not  to  touch  at  Little  Andaman  except  »t      , 
Bumila  Creek,  as  the  natives  elsewhere  are  more  or  less  hostile,  ''and 
the  first  warning  of  a  hostile  Andamaaese  is  an  arrow  whizzing  past       i 
you  01'  sticking  in  your  Ixxly,  while  it  is  utterly  impossible  to  see  the       | 
little  black  men  in  the  dark  forest." 

Dr.  Abbott^s  collection  of  ethnological  material  includes  a  number 
of  interesting  specimens  from  South  Andaman  Island,  illustrating"  the 
arts  and  customs  of  the  Bo-jig-ngi-ii  tribe.  He  calls  attention  to  the 
decided  difference  between  these  articles  and  those  collected  by  him  at 
Rutland  Island,  only  15  miles  south  of  Port  Blair.  Mr.  E.  H.  Man, 
who  has  written  many  interesting  papers  on  the  Andamaneeie  in  the 
Journal  of  the  Anthropological  Institute,  had  retired  from  the  Gov- 
ernment service  shortly  l>efore  Dr.  Abbott's  visit.  At  that  time  the 
station  at  Port  Blair  was  in  charge  of  Mr.  Vaux.  who  received  his  .i 
party  and  lookeij  after  them  during  their  stay. 


I] 


From  the  earliest  times  the  inhabitants  of  the  Andaman  Islands 
have  l>een  considered  one  of  the  most  primitive  and  most  aav^e  nwes 
on  the  face  of  the  earth.  Fabulous  utories  have  l»een  told  of  them  by 
early  writers.  Accoiuits  of  their  alleged  cannilmlism  are  found  in 
Chinese  writings.  It  is  thought  that  they  were  included  by  Ptolemy 
in  the  ^'inmlie,  Ixmm  fortmiif.''''  descrilied  by  him,  the  inhabitants  of 
which  were  '"anthropophagi,  whcwe  headw  do  grow  beneath  their 
shoulders;"  and  other  writers  hav^  refern^d  to  the  natives  as  havinfr 
ta!h  like  /lorne^.'  Whatever  may  have  been  the  exi^gerattons  of  the* 
early  accounts  of  the  personal  attribiitcs  of  the  Andamanese,  it  is 
undoubtedly  true  that  they  were  cruel  and  merciless  savages,  who 
destroyed  all  those  so  unfortunate  as  to  lie  cast  upon  their  shortA 
Their  own  heads  were  not  situated  beneath  their  shoulders,  l»ut  they 
did  frequently  wear  the  skulls  of  dejiarted  i-elativen  suspended  byfl 
band  around  the  neck  (si'«>  I'l.  I,  figs.  H  and  !»);  and  thfir  '* horse-lite 
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tail»'''  wei-e  appendages  on  their  belts  of  pandaiius  Icaveij,  the  nearest 
approach  to  clothing  worn  by  them  (PI.  I,  figs.  22  and  23),  the  men 
not  attempting  to  conceal  their  nakedness,  but  the  women  through 
modeaty  suspending  a  few  green  leaves  from  their  belts  in  the  form 
of  a  very  small  apron  (PI.  I,  fig.  16). 

Dr.  Abbott  reports  that  at  the  time  of  his  visit  there  were  over 
10,0O0  convicts  at  Port  Blair.  By  means  of  presents  of  cloth,  food, 
iron,  and  other  tilings  dear  to  the  savage  heart,  the  officials  cultivate 
friendly  relations  with  the  natives,  who  in  return  render  the  Govern- 
ment the  most  important  .^rvices  in  keeping  the  convicts  in  check. 
Incieed,  without  the  aid  of  the  natives  the  station  would  have  to  he 
abandoned.  "The  convicts,"  Dr.  Abljott  writes,  "are  naturally  a 
pretty  bad  lot.  Were  it  not  for  their  fear  of  the  Andamanese  escape 
would  be  very  frequent,  and  in  the  vast,  dense  forests  of  the  islandy 
recapture  would  be  almost  impossible;  but  with  the  Andamaneae 
recapture  is  certain.  It  is  great  fun  for  the  little  black  men,  who  do 
not  hesitate  to  kill  the  runaway  if  he  makes  any  resistance." 

ENVIRONMENT. 

The  islands  are  watered  by  numerous  streams  at  the  mouths  of 
which,  as  on  all  tropical  shores,  are  great  areas  covered  with  a  tangled 
growth  of  mangroves  and  their  allies,  flooded  at  high  tide,  but  exposed 
at  low  water.  From  the  slimy,  muddy  tracts  thus  uncovered,  over 
which  crabs  and  other  shellfish  crawl  and  the  strange  little  air- 
breathing  fish,  Periopkthalnil,  hop  about,  offensive  odors  rise  and 
malarial  gases  are  exhaled.  Elsewhere  along  the  coast  there  are 
stretches  of  white  sandy  beach  upon  which  the  natives  wade,  visiting 
the  fringing  reefs  for  crustaceans,  mollusks,  and  other  marine  animals 
used  by  them  for  food.  It  is  interesting  to  note  that,  with  the  excep- 
tion of  a  few  spote,  evidently  planted  by  the  early  colonists,  cocoanuts 
do  not  occur  in  the  .A-ndanians,  and  this  is  especially  remarkable  from 
the  fact  that  the  conditions  are  favoivble  for  their  propagation. 

The  interior  is  taken  up  with  an  almost  impenetrable  forest  of  lofty 
treoa,  many  of  which  yield  fruit,  fiber  suitable  for  making  nets  and 
cordage,  resins,  and  excellent  hardwood. 

Unlike  the  islands  lying  eastward  of  the  Malay  Peninsula,  the 
Andamuns  are  separated  from  the  continent  by  deep  water.  It  is  not 
surprising,  therefore,  that  the  fauna  should  be  poor  in  mammals. 
Witb  the  exception  of  bats  and,  perhaps,  a  tree  shrew,  all  of  the 
mammals  of  the  group  may  possibly  have  been  introduced  through 
homan  agency.  The  wild  pig,  Siui  andainunennin^  a  small  species,  of 
which  the  full-grown  boars  weigh  about  90  pounds,  is  allied  to  forms 
on  the  mainland  and  in  Sumatra.  The  palm  cat,  Paradoxurus  tytleri, 
an  animal  allied  to  the  civets,  may  have  escaped  from  vessels  visiting 
the  islands  or  wretrked  there,  and  the  rats  and  shrews  were  brought 
thither  by  junks.  OcIDqIc 
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THE    AMDAMANGfiE. 

The  origin  of  the  AiidamancKe  ha^  long  been  an  interesting  problem 
to  anthropologista.     From  the  observations  of  Mr.  E.  H.  Man,   vrbo. 
moi-v   than   any  othei*,  hu-s    made  the  race  a  study,  it  appeai-s    thai 
the  Andauianese  are  Negritos  and  not  Papuans.     They  are  well    made 
and  well  proportioned.     Their  skulls  are  braohycephaliu  (see  Plate  1. 
fig.  8),  and  very  few  casos  of  prognathism  have  been  observed.      Their 
lips  are  not  thick,  their  profiles  are  good,  and  they  have  no  pe<^^uliar 
odor  like  that  which  is  found  in  the  African  race.     Their  extremities 
are  small,  but  the  heel  projects  slightly  to  the  rear.     From  niea«iurc- 
ments  of  iS  men  and  +1  women,  made  hy  Mr.  Man,  it  waa  found  that 
the  average  height  of  the  men  was  4  feet  lOJ  inches,  of  the  women,  -i 
feet  7i  inches,  while  the  average  weights  were  98^  pounds  and   93^ 
pounds,  respectively.     The  iiiaxinmm  height  of  the  males  niea>»ured 
was  5  feet  H  inches,  of  the  female  i  feet  11^  inches,  and  the  minitnum 
heights  were  4  feet  5f  inches  arid  i  feet  4  inches,  respectively.      The 
color  of  the  skin  of  the  Andamanese  is  variable.     It  is  generally  bronze, 
or  dark  copper  t^loi;  often  the  color  of  soot,  and  even  quite  hlack. 
Their  hair  is  woolly,  but  its  cross  section  is  not  always  elliptical.     It  is 
a  common  practice  for  both  sexes  to  shave  the  head.     Boys   itttain 
puberty  at  the  ^e  of  16  years  and  girls  at  the  age  of  15.     The  average 
length  of  life  is  said  to  l)e  2i  years.     Adult  women  liavc  a  considerable 
development  of  adipose  tissue  in  the  region  of  the  pelvis,  but  it  is  not 
excessive.     Laughter  is  frequent  and  often  immoderate.     In  a  letter 
to  the  Smithsonian  Institution,  Doctor  Abbott  says:  "We  liked  the 
Andamanese  very  much;  they  seem  such  a  happy,  jolly  lot  of  little 
folk,"     Ami,  of  the  inhabitants  of  Little  Andaman,  he  says:  '"These 
were  a  happy,  merry,  little  people,  infantile  both  in  their  looks  and 
behavior.     They  are  without  the  rank  smell  of  the  negro.     The  girls 
are  freijuently  pretty  when  young.     They  are  the  very  bla«-kest  peo- 
ple I  have  ever  seen."     Of  the  natives  near  the  settlement  of  Port 
Blair,  he  says:  "Unfortunately  they  are  dying  out.     Contact  with 
civilization  is  making  the  women  barren,  and  there  are  tromparatively 
few  childi'en.     In  Little  Andaman,  which  is  in  statu  quo  ante,  they 
are  in  their  original  condition  and  are  not  dying  out." 

Whatever  may  have  been  the  theories  advanced  to  account  for  the 
presence  of  these  Negritos  in  the  Bay  of  Bengal,  so  entirely  unlike 
any  of  their  imiuediate  neighlx>rs,  sa^s  Man,  it  is  now  pretty  well 
demotistratcd  that  they  arc  aborigines  and  have  inhabited  the  group 
from  prehistoric  times.  Their  nearest  relatives,  Wallace  thinks,  are 
the  Samangs  of  the  Malayan  Peninsula  and  the  Aeta.<:  of  the  Philippines. 
All  of  the  tribes  are  of  the  same  race,  and  there  is  no  evidence  of  their 
ever  having  been  crossed  with  other  mces.  The  inhabitants  of  Little 
Andaman  may  perlmps  differ  somewiat  from  their  northern  relatives. 
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but  this  difference  may  be  uttrihiited  to  their  t'ontaet  from  time  to 
time  with  their  nci^hborM,  the  Nicolwirese,  from  whom  they  doubtless 
learned  to  build  houMCs, 

The  Andamaneise  can  not  well  endure  fnstiii^r  or  thirst.  They 
appear  to  be  very  sensitive  to  cold  as  well  as  to  the  direct  avtion  of 
the  aun's  rays,  from  which  they  shield  themselves  with  the  greatest 
care,  often  usin^  a  palm-leaf  screen  (fig.  20,  PI.  II)  for  this  purpose, 
as  well  as  covering  their  l>ody  with  a  coating  of  clay. 

The  voice  of  the  men  is  descril»ed  as  Iwing  of  medium  loudne.'ss, 
growing  deeper  and  fuller  in  tone  with  age.  After  having  passed 
their  prime,  which  is  apparently  about  S5  years,  it  becomes  ixjugh, 
husky,  and  tuneless.  The  boys  and  women  have  clear,  pleasant  voices, 
but  in  singing,  the  voices  of  the  women  are  of  bad  intonation.  Fal- 
setto singing  is  common  in  both  sexes,  though  nasal  intonation  is  not 
so  marked  as  in  many  Oriental  races.  The  prevailing  niaie  voice  is 
barytone,  the  compass  usually  about  an  octave.  All  of  the  notes  of 
the  women  are  head  tones. 


Although  the  Andamanesc  do  not  practice  agriculture  nor  rear  ani- 
mals, yet  they  do  not  lack  a  bountiful  supply  of  food,  which  is  yielded 
to  them  hy  the  forest,  the  shore,  and  the  sea.  This  they  obtain  with 
very  little  exertion,  and,  according  to  Mr.  Man,  their  e-agemcss  in  the 
chase  is  induced  almost  as  much  by  actual  love  of  sport  as  by  the 
necessity  of  obtaining  food.  Were  this  not  the  case  they  would 
hardly  be  found  spending  so  much  time  in  dancing  and  singing,  in 
personal  decomtion,  and  in  the  preparation  of  their  meals,  while  they 
reje<'t  with  aversion  anything  that  has  become  at  all  tainted.  Further, 
it  may  be  fairly  estimated  that  one-third  of  the  food  daily  consumed 
by  them  consists  of  edible  roots,  fruits,  and  honey.  The  remaining 
portion  of  the  food  is  the  flesh  of  one  or  more  of  the  following, 
namely:  Pig,  paradoxurus,  iguana,  turtle,  tish,  and  mollusks.  withrare 
additions  of  pigeons  and  jungle  fowl. 

Their  mode  of  eating  meat  i^  to  ci-ani  a  large  piece  into  the  mouth, 
and  then  to  cut  off  whatever  is  in  excess  with  a  bamboo  or  cane  {now- 
adays generally  a  steel)  knife  (PI.  II.  figs.  6,  7,  and  11).  Water  is 
their  only  bevemge.  If  very  thirsty  while  on  a  Ashing  expetUtion,  and 
all  the  fresh  water-supply  is  exhausted,  the  Aryotoda  pour  water  over 
their  heads  or  jump  overboard,  and  even  at  times  try  to  alleviate  their 
sufferings  by  swallowing  -salt  water. 

The  fruits  of  mangroves  are  eaten  occasionally.  They  are  lirst 
cooked  as  found,  then  peeled  and  soaked  in  water  for  a  couple  of  days 
to  remove  the  bitterness,  after  which  they  are  either  Imked  oi-  boiled. 

Some  f  I'uits  arc  merely  sucked  for  their  flavor,  others  have  fine  wood 
asbes  added  to  them,  the  alkali  of  which  reduces  their  acidity,  while  a 
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few,  like  the  mangrove,  the  seeds  of  tbe  LegumiDosie  creepers  and  of 
the  jack  fruit,  and  otben*  rettemhling  Cashew  nuts,  are  cooked. 

Their  favorit«  fruits  are  those  of  MitmieopK  indica,  the  leaves  of 
which  are  used  by  the  women  for  aprons;  Baocaurea  sapicla,  of  which 
the  seed,  as  well  as  the  fruit,  are  eaten,  and  the  rotten  logs  used  for 
fuel;  Oluta  lonyipeliolata,  belonging  to  the  Anacardd^ac^as;  Cyt*'* 
rumphii,  the  seeds  of  which  are  eaten;  several  kinds  of  Diospyroe,  and 
the  mangroves  already  referred  to. 

All  animal  food  is  thoroughly  cooked.  Brains  and  uiarrow^,  and  the 
blood  of  turtles,  which  is  boiled  in  the  shell,  are  considered  daiDti^. 
All  animal  food  is  preferred  almost  boiling  hot.  Tbe  natives  fre- 
quently crack  nianxiw  bones  with  their  teeth,  which  are  usually  sound 
and  strong. 

TATTOOING. 

With  the  exception  of  tattooing  and  painting  tlie  body,  no  artificial 
deformity  is  met  with,  Mr,  Man  says  that  every  woman  is  supposed 
to  be  proficient  in  shaving,  tattooing,  and  scarifying.  Those  who  have 
shown  .'special  skill  in  the  art  are  tbe  recognized  practitioners.  The 
operation  is  not  accompanied  by  any  ceremony.  Very  few  children 
of  either  sex  attain  the  age  of  eight  years  without  having  been  partially 
tattooed.  The  final  operation  is  usually  performed  about  the  sixteenth 
or  eighteenth  year. 

BODY    PAINTING, 

Tbi-ee  kinds  of  pigment  are  used  by  the  Andamanese  for  the  adorn- 
ment of  their  bodies:  First,  pale,  olivc-coIored  clay,  called  ogda; 
second,  pure  white  clay,  called  taJa-ogda;  third,  kouitda,  or  burnt 
yellow  ocher.  The  first  is  mixed  with  water  and  smeared  over  tie 
body,  to  denote  mourning.  After  one  has  become  heated  by  violent 
exercise,  as  in  dancing  or  hunting,  a  thin  coating  of  ogda  is  also  sppb^ 
to  his  body.  The  white  clay  is  more  highly  prized  than  the  olive- 
colored,  on  account  of  its  great  rarity.  It  is  mixed  with  water  and 
applied  ornamentally,  usually  with  the  nail  of  the  forefinger,  in  &>b 
tattoo-like  patterns,  to  the  cheeks,  body,  and  limbs.  It  is  the  duty  of 
the  women  to  adorn  their  relatives  for  festive  occasions,  and  they  vie 
with  each  other  in  the  neatness  and  variety  of  their  designs.  The 
burnt  ocher  'v,  mixed  with  melted  fat,  and  occasionally  with  nut  oil' 
It  is  used  to  anoint  the  bodies  of  both  the  living  and  the  dead,  but  not 
upon  a  person  in  mourning.  Unlike  the  designs  made  with  white 
clay,  those  made  with  ocher  paint  are  applied  with  the  finger  tips  in 
rough  zigzag  stripes  all  over  the  body. 


The  Andamanese  are  divided  linguistically  into  at  least  nine  tribes. 
In  South  and   Little  Andaman  each  tribe   is  divided  Into  the  coK^ 
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dwellers,  or  Aryotudti,  and  the  jungle  people,  or  Erem-tngada,  who 
are  allied  in  all  rftspet^ts  except  in  their  mode  of  life.  It  i«  impossible 
to  determine  the  population,  but  Mr.  Man  estimates  that  the  entire 
group  contains  about  4,000  souls. 

CLOTHIMi   AND   ORNAMEKTS. 

No  clothing  is  worn  by  either  sex.  Its  plaie  is  taken  in  a  measure 
by  necklatres,  circlets  for  the  head,  garters,  biiicelets,  and  belts.  Tlic 
materials  used  are  screw-pine  leaves,  fringes  of  vegetable  fiber,  shells, 
orchid  stems,  fine  netting,  animal,  and  even  human  bones.  Besides 
these,  the  skulLi  of  the  departed,  their  jaws,  etc.,  usually  painted  red 
with  white  tnarkings,  and  ornami-nted  with  shells,  are  worn  suspended 
about  the  neck.  Two  .skulls  prepared  in  this  way  are  shown  on  PI.  1, 
tigs.  8  and  !!  and  PI.  V.  Figs.  11  and  1^  and  PI.  VI  show  human  jaws 
ornamented  with  shells;  fig.  10.  a  necklace  made  of  the  vertebra  of  a 
half-grown  child,  also  painted  red  and  adorned  witli  shell  pendants; 
figs.  3,  5,  6,  neckla<res  or  head  circlets  of  shells;  tig.  13,  a  necklace  of 
turtle  l)ones;  fig,  14,  a  head  circlet  <if  vegetable  fiber;  and  fig,  21,  the 
stems  of  an  orchid. 

The  costume  of  a  man  consists  of  garters  {figs.  JO  and  20),  bracelets 
(figs.  24  and  25),  and  wristlets  (figs.  IT  and  18)  of  pandanus  leaves, 
often  with  the  crumpled  ends  of  the  leaves  forming  a  kind  of  tassel 
and  sometimes  ornamented  with  a  fringe  of  shells  (figs.  18,  19.  20);  a 
folded  i>andanuf4  leaf  or  circlet  around  the  head,  and  a  lH>dda,  or  belt 
(figs.  22  and  23)  about  the  waist,  from  which  two  or  four  tufts  of  the 
pandanus  leaves  composing  the  belt  hang  down  behind. 

Women  often  wear  four  or  five  and  even  eight  Siirf-^/^w*.  In  addi- 
tion to  the  tuft^  of  pandanus  leaves,  which  hang  down  behind,  they 
wear  a  diminutive  apron  of  greeii  leaves  (fig.  IH),  which  is  kept  in 
position  by  the  lowest  l)elt.  Married  women  wear  the  rufjiui-da  (fig. 
15),  which  is  a  broad  belt  or  hoop  of  pandanus  leaves,  ornamented  on 
the  outside  by  transverse  or  diagonal  markings  of  red  wax.  Belts  are 
sometimes  uiade  of  simple  strips  of  rattan  (fig.  2),  Slings  are  worn 
either  by  men  or  women  (fig.  4)  in  the  fomi  of  broad  straps  of  l>ark, 
ornaiiiented  by  red  o<;her  and  white  clay,  and  are  used  for  <'arrying 
babies. 

llie  skulls  of  pigs  (PI.  I,  fig.  7)  and  fish  (fig.  1)  are  often  painted 
with  I'ed  ocher  and  white  clay,  and  kept  as  trophies. 

HABITATIONS. 

Three  kinds  of  huts  are  erected  by  the  Great  Andaman  trilies  in 
their  permanent  and  tempui-ary  encampments.  The  most  durable  of 
these  consists  of  a  i-oof  of  thatch  made  fi-om  the  leaves  of  a  species  of 
CalamuK  neatly  plaited  and  fastened  together  with  cane,  and  laid  in 
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row.s  on  rafters  siipp<>rb>d  on  four  posto,  the  two  front  posts  var_ying 
in  height  from  6  to !)  feet  and  the  two  i-car  ones  from  3  to  3  feet.  Muts 
intended  to  last  for  a  few  months  only  are  Komewhat  aimilar  to  the 
above,  hutsmaller  andeovored  with  that«;h  of  inferior  quality.  These 
huts  are  made  by  the  men.  They  always  sleep  on  a  mat  (PI.  II,  fig. 
13)  or  a  bed  of  leaves  spread  under  a  shelter  of  one  of  the  thi-ee  cl&sjse:! 
above  described. 

The  inhabitants  of  Little  Andaman  make  beehive  shaped  huts  with 
roofs  coming  close  to  the  ground.  They  probably  learned  to  construct 
these  from  their  neighbors,  the  Nicoharcse.  In  the  houses  skulltn  of 
pigs,  turtles,  and  tishes,  often  ornamented  with  red  paint,  are  found 
(PI.  I,  figs.  1  and  7),  and  in  the  vicinity  of  encampments  shell  heap« 
invariably  occur. 

FIRE. 

They  preserve  fire  with  great  care,  as  they  ha.e  not  the  art  of  pro- 
ducing it.  In  leaving  an  entwnpment  with  the  intention  of  returning 
after  a  few  days,  besides  taking  with  them  one  or  more  smoldering 
logs,  they  remove  a  large  burning  log  or  faggot  to  some  sheltered  spot, 
where  it  will  smolder  for  a  long  time.  In  each  inhabited  hut  is  a  fire, 
not  only  to  keep  the  owner  warm,  but  to  drive  away  the  insects,  to  cook 
food,  and  to  smoke  provisions.  Fires  are  generally  kindled  by  fanning 
the  embers  with  a  frond  of  the  bird's-nest  fern  (Anpi^nmrn,  nidjut). 
Torches  (PI.  II,  fig.  5)  are  made  by  the  women  by  wrapping  resin 
obtained  from  a  species  of  Sti^rculut  in  the  leaves  of  a  lily  {Crinum 
lorlfoliunt).  These  are  used  when  fishing  or  traveling,  or  when  danc- 
ing at  night.  An  inferior  kind  of  torch  (PI.  II,  fig.  14)  is  made  of 
rotten  wood. 

TOOI«   AND    IITKNSILS. 

Stones  are  used  as  anvils  and  hammers,  clam  shells  (<hfra\a  sp.) 
in  a  variety  of  ways  (PI.  II,  fig.  iiJ) — as  knives  for  cutting  palm  leaves 
used  in  thatching,  for  making  the  ornamental  incisions  on  bows,  pad- 
dles, etc.,  for  planing  and  smoothing  bows  and  the  wooden  portions 
of  ari-ows,  for  sharpening  bamboo  and  cane  knives  and  l>oar's  tu-iks 
(PI,  II,  fig.  13),  for  preparing  fibers,  and  as  spoons  for  eating.  Aif-a 
shells  arc  employed  for  dressing  the  surface  of  pottery;  pinna  shflls 
also  as  knives,  as  receptacles  for  white  clay,  and  as  plates  for  food; 
nautilus  shells  serve  as  drinking  vessels. 

The  bamboo  is  made  into  water  holders  (PI.  II,  fig.  18)  and  recopla- 
cles  for  cooked  food  when  traveling;  into  shafts  for  turtle  harpoons; 
knives  (PI.  II,  fig.  7),  which  are  narrow  pieces  hardened  over  a  fire 
and  shaipened  by  means  of  a  cyrena  shell;  netting  needles;  longs 
(fig.  17),  which  consist  of  a  strip  of  bamboo  Iwnt  double  and  pointed 
at  the  ends;  and  Bamhmn  tiana  furnishes  the  shafts  of  the  wooden  and 
iron-pomted  arrows. 
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The  only  thing  resembling  a  musteal  in.striiiiient  iikuIp  Itj-  the  Anda- 
nianciie  i»  a  ^shield-like  drum,  upon  whivh  tho  perfoniier  keeps  time 
by  strikinjj  it  with  his  foot. 

From  the  drupe  of  a  pandanuH  a  paint  Ixrush  is  made  by  removing 
tbc  pulp  with  a  cyrciia  i^hell.  This  hi-unh  i»  used  for  painting  the 
ornamental  »tripe»  on  their  baskets,  Italn'  clings,  etc.  Neither  skins 
of  Bnimals  nor  thorns  of  trees  or  creepers  are  utilized  by  the  Anda- 
iiutnese  in  their  arts.  Fly  flapH  are  made  by  attaching  vegetable  Hber 
to  a  wooden  handle  (PI.  II,  lig.  1). 

IRONWORK. 

Forging  is  unknown  to  the  Atidamanese.  They  obtain  iron  from 
wrwrked  ships,  from  old  hoops,  etc.,  and  make  knives  (PI.  II,  fig,  11), 
arrowhejtds,  harpoon  points,  and  adzes  (PI.  II,  fig.  4)  of  it,  resting  the 
piece  of  cold  metal  on  a  stone  anvil,  l>eating  it  with  a  hard,  smooth 
stone  to  the  requii'ed  thinness,  and  shaping  it  by  bending  Imck  the 
edge  and  beating  it  until  broken  off.  The  ja^ed  edge  is  then  ground 
down  on  a  hone  until  the  required  shape  is  obtained. 


Clay  suitable  for  making  pottery  is  found  only  in  u  few  plrnres. 
Thin  is  cleaned  of  stones,  mixed  with  water,  and  kneaded  to  the  proper 
consistency.  The  base  of  the  pot  is  made  in  the  form  of  a  cup.  To 
this  roll  after  roll  of  clay  is  added,  and  the  sides  built  up,  care  being 
taken  to  insure  uniformity  and  a  proper  thickness,  and  the  inner  and 
outer  surfaces  are  smoothed  off  with  an  area  shell,  after  which  the 
vessel  is  ornamented  with  wavy,  checkered,  or  striped  designs  by 
means  of  a  pointed  stick,  when  it  is  dried  and  baked  by  placing  pieces 
of  burning  wood  both  inside  and  around  the  vessel. 

BASKET    WORK. 

Baskets  (PI.  II,  figs.  22  and  23)  are  made  of  cane,  called  iridyada, 
which  is  cut  into  lengths  of  3  or  4  feet,  the  skin  split  into  strips. 
Itaskets  are  much  used  by  men,  wouten,  and  children.  Natives  are 
seldom  seen  without  them.  Specimens  were  forwarded  by  Dr.  Abbott 
both  of  wicker  (fig,  23)  and  of  wrapped  (fig.  22)  basket  work. 

WOODWORK. 

In  addition  to  the  sounding-boards  used  for  keeping  time,  the  Anda- 
iiianese  make  food  trays  (PI.  II,  fig.  2)  and  buckets  (fig.  21)  for  holding 

food. 
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Strin^f  is  made  for  their  haipooii  linos,  turtle  nebi  and  cables,  band- 
fishing  nets,  sleeping  mats,  bowstrings,  arrow  faiitoningK,  reticules 
(PI.  II,  fig.  ItJ).  and  necklaces.  The  yellow  skin  of  an  orchid  (Z>«^«- 
dnihiuiii)  is  often  seen  intertwined  with  the  Anadendron  string,  and  is 
used  as  an  ornunientation  in  the  lashings  of  spear  heads  (PI.  Ill,  fi^.  8), 
etc.     Bowstrings  are  eoated  with  wax. 

WEAPONS. 

Bows  and  arrows  are  the  principal  weapons  used  by  the  Anda- 
man&se  both  in  warfare  and  in  hunting.  Besides  these,  for  spearing 
turtle  and  lai-ge  fish  a  harpoon  is  used,  and  a  peculiar  fish  spcai-  con- 
sisting of  a  number  of  slender,  pointed  wooden  rods  arran<,'e-d  in  a 
plane  and  diverging  from  the  handle  to  the  extremities.  They  are 
kept  in  place  by  small  pieces  of  wood  ti-ansversely  lashed  across  them, 
as  shown  in  fig.  13,  PI.  Ill,  Pig  spears  {fig,  8,  PI.  3)  are  of  compara- 
tively recent  introduction, 

^(JMOIU   BOWS. 

The  S-shapcd  bows  of  the  Great  Andaman  tribes  are  interesting 
from  their  resemblance  to  those  uaed  by  the  natives  of  New  Ireland 
and  of  Mallicolo,  one  of  the  New  Hebrides.     As  held  in  the  hand,  the 
uppei"  pai't  curves  towai-d  the  marksman  and  the  lower  part  away 
fi-om  him.     Bows  used  by  the  tribes  of  South  and  Middle  Andantaa 
and  in  the  archipelago  ai-e  usually  ornamented  by  longitudinal  rows 
of  X-shaped   markings  cut  with   a  Cyrena  shell,  and  are  sometimes 
smeared  with  red  ocher.     The  )x>wstring  is  made  of  the  bark  fiber  of 
Anodendrvn  /xinicidatum,  which   is  usually  coated  with   black  bees- 
wax.    Those  made  by  the  North  Andaman  ttibes  (PI.  HI,  figs.  16  and  17) 
are  of  a  neater  and  moi'e  elegant  form.     They  have  long  attenuated 
exti-emities,  are  never  ornamented  by  carving  or  painting,  and  are 
usually  from  »  U>  5i  feet  long.     In  Middle  and  South  Andaman  the 
bows  uaed  in  the  interior  for  hunting  are  about  4  feet  long.     In  the 
coast  and  in  the  open  jungle,  or  when  .shooting  fish,  longer  ones  are 
used;  and  when  made  for  presenUition  they  are  6i  to  7  feet  long,  and 
are  elaborately  ornamented  with  lines  of    X-shaped   incisions  made 
with  a  Cyrena  shell.     On  PI.   Ill,  figs,   li  and  IS,  are  types  of  the 
bows  of  South  and  Middle  Andaman  and  of  the  archipelago,  the  latter 
being  a  bow  of  the  usual  size  for  hunting  and  the  former,  longer, 
broader,  and  more  clalmratel y  decorated  (the  markings  on  the  flat  sur- 
face can  not  be  seen),  for  presentation.     As  shown  in  the  figure  the  bow 
is  inverted;  the  lower  point  is  that  which  is  held  uppermost  in  firing. 
Figs.  16  and  17  are  bows  of  the  North  Andamancse.     As  shown  hy 
fig.  16,  the  sigmoid  curve  is  not  so  pronounced  in  this  type  as  in  that 
of  their  southern  neighbors.  f^iKiolp 
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SIMPLE  BOWS. 

The  bows  of  the  Jarawada  tribes,  inhabitiag  Little  Andaman,  Rut- 
land Island,  imd  a  few  other  localities  of  the  group,  are  simple  in  shape. 
PI.  Ill,  fig.  1,  shows  a  bow  collected  by  Dr.  Abbott  at  Buniila  Creek, 
Ijittle  Andaman,  and  tig.  5  is  a  bow  used  by  the  Rutland  Islanders. 
Sometimes  bows  are  made  for  children  of  the  wood  of  a  mangrore 
{Jiruffuiera  gymtiorrhiza). 

ARROWS. 

The  arrows  of  the  Andamanese  consist  of  a  shaft  of  dwarf  bamboo 
{Samhuga  nana)  and  a  foreshaft.  The  latter  may  be  simply  of  the 
wood  of  a  palm  {Arfca  Hp.)  oi'  mangrove,  hardened  by  fire  and  left 
blunt  for  practicing  at  a  mark  orshurpened.  Wooden- pointed  arrows 
are  used  for  shooting  tS^h,  and  by  the  jungle  tribes  for  other  animals. 
They  are  made  in  great  numbers  by  these  people  and  taken  by  them 
to  the  coast  and  bartered  for  iron-pointed  arrows,  turtle  oil,  etc. 

Sometimes  fish  arrows  are  provided  with  two  or  more  long,  slender, 
sharp  wooden  points.  PI.  Ill,  fig.  a,  shows  a  three-pointed  lish  arrow 
collected  by  Dr.  Abbott  at  Bumila  Creek,  Little  Andaman;  fig.  4  is  a 
two-pointed  arrow  picked  up  by  him  on  North  Cinque,  an  ii>lel  on  the 
southwest  coast  of  Rutland  Island;  fig.  .3  is  the  simple  wooden-pointed 
arrow.  The  foresbafts  of  fish  ari-ows  are  frequently  ii'on- pointed. 
The  point  mayconsist  of  a  piece  of  stout  iron  wire  or  a  nail  sharpened 
at  each  end,  the  proximal  end  extending  obliquely  backward  to  form  a 
barb,  "boat-hook  fashion,*'  as  seen  in  figs.  6  and  7,  PI.  Ill,  or  it  may 
be  provided  with  a  flattened  iron  head  and  barbs,  as  in  fig.  12.  The 
string  seizings  attaching  the  head  and  barbs  to  the  foreshaft  are  pro- 
tected by  a  coating  of  red  wax.  In  former  times  fish  arrows  were 
often  pointed  with  bone;  the  serrated  bone  from  the  tail  of  a  sttng-ray, 
of  such  general  use  in  Polynesia,  was  often  used  for  this  purpose. 

HARPOON  ARROWS. 

These  are  arrows  of  which  the  foreshaft  is  detachable  and  is  con- 
nected with  the  shaft  near  the  end  of  the  latter  by  a  stout,  flat  lanyard 
shout  5  inches  long,  made  of  the  fiber  of  Anodendron  paniculatum. 
The  foreshaft  is  provided  with  an  iron  head  and  one,  two,  or  three 
barbs  (see  PI.  Ill,  figs.  9,  10,  and  11;  also  PI.  IV).  The  seizings 
attaching  the  bead  and  the  lanyard  to  the  foreshaft  are  protected  by  a 
smooth,  solid  coating  of  red  wax.  These  harpoon  arrows,  called  f/a-da, 
are  used  for  shooting  pigs.  The  foreshaft  is  thrust  into  a  socket  at 
the  end  of  the  shaft  and  twisted  until  the  lanyard  forms  a  tight  coil 
about  the  upper  part  of  the  shaft.  When  an  animal  is  struck  the  Itarbs 
of  the  arrow  hold  the  head  with  the  foreshaft  attached  firmly  in  the 
flesh,  the  shaft  is  knocked  loose  as  the  animal  rushes  through  the 
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jungle,  dragging  the  tthaft  l>ebiiid  it;  and  as  the  latter  In  made  faf«t  to 
the  lanyard  at  iionic  distance  from  the  end,  it  trailit  at  an  angle  ami  i^ 
Hoon  caught  in  the  buHheit,  holding  the  wounded  aninial  until  the  hunter 
coiue!4  to  dii^patch  it. 

TURTLE    HARIXXINS. 

A  turtle  harpoon  line  made  of  the  bark  fil>er  of  M^ochm  arfntrr^i, 
with  the  barbed  iron  point  attached,  is  shown  on  PI.  Ill,  tig.  IS.  The 
point  in  set  in  a  sort  of  conical  plug,  which  tits  tightly  into  a  scx'ket 
at  the  end  of  a  bamboo  shaft,  often  18  feetor  more  in  length.  When 
a  turtle  or  lai^e  fish  is  struck  the  shaft  Iiecomcii  detached,  and  U 
picked  up  after  the  animal  has  lieen  captured. 


Both  outrigger  canoes  and  Kiinple  dugouts  are  used  by  the  Anda- 
mane^c.  They  are  propelled  by  paddles,  or,  in  shallow  water,  hy  poles 
or  the  shaft  of  a  turtle  harpoon.  A  narrow  projecting  bow  is  i-on- 
sidered  by  them  U>  l«  a  great  advantage  for  throwing  the  harpoon  in 
turtle  fishing.  The  anchor  is  merely  a  large  stone  or  lump  of  corral. 
the  cwble  a  rope  of  the  same  tiber  as  the  harpoon  line. 

For  the  social  life  of  the  Andamancse,  their  marriage  customs, 
ceremonies,  etc.,  the  reader  is  referred  to  the  work  of  Mr.  K.  H. 
Man,  from  which  much  of  the  foregoing  information  has  been  obtained. 
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EXPLANATION  OF  PLATE  L 


1.  Fish  ikull,  paint«d  with  red  iH^ber,  kept  as 

2.  Bflt.  or  waist  circlet,  nf  rattan. 
:{.  Circlet  of  spiral  Bhella  on  network,  worn  on 

the  head  or  ueck. 

4.  Band  of  bark,  worn  o\'er  the  shoulder,  for 

carrying  child. 

5.  Necklaoe  of  shells  {flemicardiuia  Mrutdo). 

6.  Ne^-klat^e  of  calyces  of  mangrove. 

7.  Pitt's  skull,  ptunted  with  red  ocher  and  white 

clay,  kept  ae  a  trophy. 

8.  Human  skull,  painted  with  red  ocher  and 

white  clay,  and  ornamented  with  I>en- 
talium  shells,  and  with  HemicardJum 
and  Solarium  shells  attache<l  to  the  tem- 
poral arches;  worn  in  memnrinm  liy  a 
relative  of  the  deceaned. 

9.  Human  skull,  suspended  by  conl  of  hark 

fiber. 

10.  CUrclet  mode  of  vertebm-   of  a   half-grown 

cfaild;  worn  on  the  head  or  about  the 
neck  in  mfmoriam  by  a  relative  of  the 
deceased. 

11.  Human  jawbone,  worn  like  the  preceding, 

ornamented  by  strings  of  Deiil'ilium  litlngonum. 

12.  Human  jawbone,  painted,  with  red  ocher,  and  o 

sheik;  suspended  by  network  of  bark  liber. 
1.^.  Circlet  of  turtle  bonei^,  worn  about  the  head  or  neck. 

14.  Circlet  of  v^^table  fiber,  worn  on  the  head. 

15.  Woman's  belt,  made  of  Pniulniiut  aniliimaneruium,  the  enda  ot  the  leaves  form- 

ing lour  lufte,  which  are  worn  behind,  the  outside  of  the  hoop  ornamented 
with  transverse  markin)^  of  red  wax  paint.     Several  belts  are  worn  by  each 

16.  Tuft  of  leaves  of  MimiiKoiw  Indim;    worn  by  tlii^  women  as  an  apron,  held  in 

place  by  the  lowest  belt. 

17.  Wristlet  ma<ie  of  leaves  of  I'miilnnim  nniiamnnensiuai. 

18.  Wristlet,  or  bracelet,  tjiuiilar  to  the  precepting,  but  ornaiiiente<l  with  strings  of 

Den  tali  um  shells. 
IS.  (.iarler  of  Pandanus  leaves,  ornamented  with  Dentaliuiu  shells. 

20.  Circlet,  similar  to  the  preceding. 

21.  Stems  of  an  orchid  (Ikndrobium  sp.).  the  yellow  skin  of  whii'h  is  used  to  orna- 

ment eordi,  and  the  seizings  of  pig-spear  lieadi'. 

22.  Man's  belt  of  Pandanus  leaves,  with  two  tuflH,  inlendeil  to  hang  down  behind. 

23.  Belt  similar  to  the  preceding,  but  having  four  tufts  of  Pandanus  leaves. 

24.  Man's  garters  of  I^indanus  leaves,  made  like  the  preceding. 

25.  Garter  in  the  form  of  a  Hat  hoop  of  Pandanus  leaves,   maile  like  tig.   15,  and 

ornamenleil  in  the  same  way. 

26.  Man'H  lielt,  coneisting  of  a  Cringe  of  Dentallum  shells,  coated  with  red  ocher. 


main  en  ted  with  Hemicardium 
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Native  Ornaments  from  Andaman  Islands. 
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EXPLANATION  OF  PLATE  II 

I.  Fly  brush   cvtnsiBliiiK   'if  Btriiw  of  Pandaniis 

leavex  seciireil  to  a  wooilen  handle  by  a 

lashin)^  of  ratUii. 
!.  Fo<xi  tray  of  wood. 
I.  Fiber  (it  llnftum  nliile,  from  which  the  pulp 

has  been  removed  by  Hcrapine  the  bark 

with  a  Oyrena  Bheli. ' 
k  Adx  (modem)  made  of  iroti  olitnined  from 

the  keol  plate  of  a  vessel.    Shells  were 

foniierly  uiie<l,  but  stones  were  never  osed 

by  the  Andamanetw;  for  celts. 
i.  Tiin^h,  niaile  by  women  of  reiin  wrappeil  in 

an  AmarylliM  leaf  ((Vi     n  Imfalum) 
1,  7.   Bamboo   knives       aile   I  v   hanlen  ng   the 

strijiK  with  fire  a    t  ttl  arptn  ng  the  edgee 

with  a  Ciyrena  shell 
I.  Bamboo  skewer  w  lb  shellx  allaeheil 
I.  Red  wax,  maile  bi  me      of  red    x   1    of  n  n 

resin  ol)taine<l  tn      a  tret  ((«lt     )    an  t 

white  l^eeewax     is*  i  t    t  nn  a  j  rotec     e 

coating  over  se       gs  of  a  row  heads   ha 

poona,  et*;.;  f<      orna    ent    g  food  trajs 

bucketii,  and    lieltM    and   si  u  et 

closiDK  the  sea  n     f  canoen  an  1 
I.  Pinna  shell  knives     ow  scH         m 

obtained  fn>m  brxips,  plaleH  fniir 
..  Skewer  attached  to  iron  knife. 
!.  Oyrena  shells,  the  edge  sliariiene<l.  and  used  for  rutting,  carving,  and  for  entootli- 

ing  bows  and  arrows. 
I.  Boar's  tusk,  the  inner  e<lge  of  which  has  been  sharpened  with  a  Cyrena  shell 

L'ned  for  planing  bows,  arrows,  and  paddles. 
I.  Torch  of  resinous  wood,  from  decayed  logs  of  Diplerocarpwi  IrevU,     They  do  nnl    I 

bum  so  readily  as  the  torch  of  resin  (tig.  5)  and  are  seldom  used  outside  of 

the  huts. 
I.  Fiber  o(  Anodendron  jiaiiindnluot,  of  which  bowstrings,  arrow  fastenings,  and  net- 
tings are  made. 
i.  Woman's  reticule,  nett«l  from  fine  string  made  of  the  fiber  of  Anodendron  p-f- 

'.  Bamboo  tongs. 
I.   Bamboo  watei  vessel. 
I.  Sleeping  mat.  made  of  Calamus  i 
the  fiber  of  ilnetvm  fduU,  a 

I.  l>a]m-leaf  screen  (LicaaUi  pellalaf). 

.  Bucket  made  of  the  wood  of  Stfrculin  viUona,  with  a  loop  of  cane  to  form  tlie 
handle,  made  by  means  of  an  adz  blaile  attached  to  a  handle  in  the  form  of 
a  chisel;  ornanienteil  with  longitudinal  markings  of  red  and  whit«. 

!.   VVrappcil  lia;<ket  with  conical  l>ottom. 

I.   Wicker  Imsket  with  reentrant  bottom. 


n  M  xiden  i  uckets 
place  I  a    ng  been  taken  hy  u 
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EXPLANATION  OF  PLATE  IIL 

1.  t^imple  bow  fmm  Uttle  Anilaman  Island 

2.  Three- ixiinU-p    wcxxit-n     fish     arrow,     from 

Buiiiila  Creek,  Little  Andamnn. 
S.  Fish  arrow,   (ore^haft  of   wood  hanlened  by 
fire  and  pointed,  shaft  of  Bantltiuui  nana. 

4.  Two-pointed  wooden  fish  arrow,  North  Cinque 

Island. 

5.  Simple  bow  from  Rutland  Island. 

6.  7.  Fish  arrows,  forevhafts  pointeil  with  wire 

sharpened  at  each  end,  extending  ol>- 
liijtiely  backward  to  form  a  barb,  the 
neizin^  protc<'teil  by  coating  of  red  wax. 

9.  Three  pig  spean*;  iron  heailn  se<iired  by  xeiz- 
inpi  of  AnaiUmlroii  jKinimtnlmii  filxr, 
And  ornamented  wiUi  stripe  of  yellow 
Dend  robin  in  bark. 

9,  10,  II.  Har|x>on  arrows  for  killing  pi|cB  (see 
PI.  IV). 

12.  Fish  arrow  with  bart>ed  iron  head. 

13.  Many  pointei)  fish  spear  of  wootl. 
14  and  15.  Sigmoid  i)ows  used  liy  the  natives  of 

South    and   Middle    Andaman  and   the 
"Archipelago,"  ornamented  with  lines  of  X-shaped 
Cyrena  shell. 
16,  17.  Sicmoiil  bows  used  by  natives  of  North  Amiaman. 
4»2 
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Bows  AND  Arrows  from  Andaman  Islands. 

Digitized  bvCoOgIC 


„Googlc 


Smilfisonun  Btport,  1  90 1 .— Si'tord, 


Hark»on  Arhows  for  killino  Pios. 


Digitized  bvCoOgIC 


Di„i6.db,Googlc 


Harpoon  Arrows  for  killinq  Pios. 
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Skull  of  deceased  Relative.  <a 
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Skull  of  deceased  Relative.  \ 
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BEAD-ORNAMeNTED  HUMAN  JAWBONE, 
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THE  DEVELOPMENT  OF  ILLUMINATION.' 


By  Walter  Houoh. 


Before  the  period  of  mtiticial  illumination  theie  were  man;  mani- 
fe»tstionis  of  light  in  nature  coining  to  the  aid  of  the  denizens  of  the 
earth  during  the  hours  of  darkness.  Of  these  were  the  ijo-called  luci- 
fonn  appearances,  including  the  aurora  borealis  and  australU,  which 
enliven  the  long  nights  at  the  polar  zones;  the  oi^ellan  clouds  of  the 
Southern  Hemisphere;  the  zodiacal  light,  whose  cause  was  long  a  sub- 
jeet  of  speculation,  and  the  diffused  light  of  the  milky  way,  known  to 
the  Chinese  as  the  "river  of  the  sky." 

The  light  from  the  stars  and  planets  is  not  inconsiderable.  Under 
the  clear  night  sky  of  the  Arizona  deserts  the  atmosphere  seems 
chalked  with  star  mist;  eminences  miles  away  may  ite  outlined,  the 
dial  of  a  watch  may  be  read,  and  a  trail  followed  with  little  difficulty. 
These  are  the  conditions  under  which  night  journeys  are  made  to  avoid 
the  burning  sun.  The  planet  Venus,  at  inferior  conjunction  especially, 
sheds  light  sufficient  for  the  traveler  over  open  country. 

There  are  at  times  nights  of  remarkable  luminescence.  Clouds 
become  phosphore'^ent,  and  often  under  certain  states  of  electric 
stress,  during  high  winds,  glimmer  with  a  faint  light  not  amounting 
to  a  discharge  of  the  electric  fluid.  Frequently  successive  flashes  of 
"heat  lightning"  aid  the  traveler  in  finding  his  way.  It  is  possible, 
also,  that  the  soil  over  certain  regions  may  become  phosphorescent 
under  the  light  of  the  sun  and  retain  the  property  during  the  night, 
as  certain  gems  arc  phosphorescent  after  being  submitted  to  sunlight. 
Snow  has  this  pixjperty.  Caseous  emanations  of  a  phosphorescent 
character  are  occasionally  abundant  enough  to  produce  temporary 
illumination. 

Next  to  the  sun  in  value  to  man  as  a  light  producer  is  the  moon. 

Though  intermittent  in  the  power  and  duration  of  its  light,  the  moon 

has  proven  a  valuable  auxiliary  on  the  night  side  of  man's  life,  and 

its  period  has  given  a  measurement  of  aggregates  of  time. 

In  toiTid  climates,  and  at  hot  seasons  of  the  year,  work  is  often 


*Rea<l  at  the  CimfcrC'x  Iiiteniational  il'Anthn>)K)lti)cie  et  [I'Ari-hi^otiittio  Pr^hi^o- 
riquett,  XII  newinn,  Vnr'n',  An;:Ui<l.  tlHX).  (Reprintnl  from  the  Aiiierii-aii  Anthropolo- 
gist (N.  S.f,  Vol.  in,  A|.ril-June,  1901.) 
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494  DEVELOPMENT   OF   ILLUXINATION. 

carried  on  by  moonlight  in  order  to  eat&pe  the  heut  of  tbe  day.  While 
moonlight  is  450,000  times  iesn  bright  than  daylight,  under  certUD 
favorable  conditionH  the  light  neems  intense  and  ample  for  msnr 
purposes. 

The  well-known  pbospboi-escence  of  lichens  has  been  found  to  gire 
considerable  light  during  warm,  moist  nights  in  the  summer.  Certun 
flowers  are  phosphorescent,  or  emit  flashei  of  light,  ao  the  tuberose 
and  moonflower.  In  the  vegetable  world  there  are  numerous  sources 
of  light  whose  faintness  causes  them  to  escape  ordinary  observation. 
As  an  aid  to  man,  however,  the  light  from  the  vegetable  kingdom  is 
far  less  useful  than  that  yielded  by  the  animal  kingdom. 

When  the  animal  kingdom  is  reached,  numerous  examples  of  light 
phenomena  connected  with  vital  processes  are  found.  The  fBmiJiar 
firefly  of  northern  latitudeti  frequently  renders  smnmer  nights  lumi- 
nous, while  the  tropical  noctilucidic  yield  an  nctual  and  vsluable 
illumination  which  has  been  utilized  as  light  in  several  interesting 
ways  by  the  inhabitants  of  regions  in  which  the  insects  are  found. 

The  distinguished  traveler  Kaempfer  described  the  fireflies  of  Siam 
as  '^settling  upon  the  trees  like  a  flery  cloud, ^'  and  in  Brazil  Gardner 
compares  them  in  brilliancy  with  ^' stars  that  have  fallen  from  the 
firmament  and  are  floating  about  without  a  resting  plaoe."  Kidder 
eays:  "In  the  mountains  of  Tijuca  I  have  read  the  finest  print  of 
Harper's  Magazine  by  the  light  of  one  of  these  natural  lamps  placed 
under  a  common  glass  tumbler,  and  with  distinctness  1  could  tell  the 
hour  of  the  night  and  discern  the  very  small  figures  which  marked  the 
seconds  of  a  little  Swiss  watch.  The  Indians  formerly  used  them 
instead  of  flambeaux  in  their  hunting  and  fishing  excursions,  and  when 
traveling  in  the  night  they  are  accustomed  to  fasten  them  to  their  feet 
and  bandit.  And  they  are  used  by  seiioritas  for  adorning  their  tresses. 
Prescott  narrates  the  terror  they  inspired  in  the  Spaniards  in  1520. 
'The  air  was  filled  with  "cocuyos,"  a  species  of  large  beetle  which 
emits  an  intense  phosphoric  light  from  its  body  strong  enough  to 
enable  one  to  read  by  it.  These  wandering  fires  .seen  in  the  darkness 
of  the  night  were  converted  by  the  besieged  int<i  an  army  of  matcb- 
loclis,'  so  says  Bernal  Diaz."' 

The  bearing  of  the  light  of  tbe  firefly  on  the  light  of  the  future  is 
very  important,  and  the  investigations  carried  on  at  the  Smithsonian 
Institution  a  few  years  ago  may  introduce  a  new  epoch  in  illumination. 
A  brief  account  in  tbe  Philadelphia  American  states  that  "  some  inter- 
esting experiments  upon  tbe  nature  and  origin  of  the  light  emitted  l>y 
tbe  firefly  have  lately  been  made  by  Prof.  S.  P.  Ijanglcy.  From  the 
spectroscope  he  finds  the  light  to  be  of  exceedingly  narrow  range  of 
refrangibility.  Tbe  heat  given  out  is  atarcely  appi-eciable,  being  lew 
than  one-half  of  1  per  cent  of  that  produced  by  an  equal  amount  of 


*  Kidder  mii)  Fletcher,  Brazil  and  the  RuzilianH,  Phila.,  1S5T; 
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li^ht  from  a  (»ndle  of  other  common  illumiimnt.  That  the  light  is 
a  fhcniii-al  i)roduct  would  .-ieeni  to  be  e.Htabli«hed  b_v  thp  fat*  that 
it  dpcreasej*  by  products  which  i-hw^k  rombiisitioii  (p.  g..  nitrogen) 
and  increasps  by  productji  which  aid  coiiibustion  (oxygen),  and  that 
the  product  of  the  prot-ess  is  apparently  carbon  dioxide.  The  subject 
of  the  origin  of  "  phosphorescent '  light  is  one  that  may  develop  very 
interesting  features,  for,  as  graphically  stated  by  Prof.  Oliver  .1, 
Lodge,  if  the  secret  of  the  firefly  were  known,  a  boy  turning  a  crank 
might  be  able  to  furnish  the  energy  necessary  to  light  an  entire  elec- 
tric circuit.  From  this  standpoint  Professor  I^odge  regards  as  enor- 
mous the  waste  of  energy  in  the  machinery  of  electric-light  making 
now  in  use." 

Most  of  the  15U  species  of  animals  which  aiMt  light- producing  inhabit 
the  sea,  where  their  light  is  of  small  importance  to  man.  The  wonder- 
ful phosphorescence  of  the  tropical  seas,  which  has  drawn  forth  many 
dcs<;riptions  of  ite  l>eauty,  is  loused  by  the  collective  lights  of  myriads 
of  infusoria:  on  the  surface  of  the  water. 

The  day  opens  up  a  vast  field  of  activities  requiiing  light  for  their 
prosecution.  Solar  light  is  normal  for  the  carrying  on  of  these  activi- 
ties, and  the  night  is  noimal  for  rest  and  recuperative  processes.  The 
important  phenomena  of  the  day  arc  sunrise  and  sunset;  and  the  day's 
labor  regulates  itself  to  twilight,  morning  and  evening  hours,  and  the 
hours  of  broad  day  divided  by  the  meridian  of  the  sun.  Sunrise  is 
attended  with  certain  phenomena,  which  observant  people  have  noticed. 
The  Hopi  tribe  of  Arizona,  for  instance,  employ  the  following  terms 
for  sunrise:  Sunrise,  liUovaiya;  plat^c  of  sunrise,  t(nrit  yum  (yaki; 
faintetit  dawn,  hliyaJilptii;  first  light,  taltl;  light  of  sunrise,  t<ild-"i-; 
yellow  light  of  sunrise,  inkyafluptii;  l>efore  emergence  of  sun,  toioa 
kiiyli'iiy  "sun  appears;"  sunup,  tawa  yama.^  Few  tnlws  indeed  have 
not  been  impressed  with  dawn  and  sunset,  and  few  in  the  oblique  lati- 
tudes have  failed  to  mark  the  seasonal  progress  of  the  sun  along  the 
hoi'izon. 

There  is  a  wide  difference  in  the  amount  of  sunlight  enjoyed  by  the 
dwellers  on  the  earth's  surface,  depending  on  the  height  and  configu- 
ration of  the  land,  its  absorptive  and  reflective  qualities,  the  presence 
of  forests  and  vegetation,  the  amount  of  moisture  and  dust  in  the  air, 
cloud  formation,  and  other  elements  which  suggest  themselves  to  the 
reader,  pi-oducing  local  and  periodical  variation.  To  these  must  bo 
added  the  seasons  and  the  position  in  latitude  determining  the  length 
of  the  day  and  the  duration  of  twilight. 

The  superabundance  of  sunlight  has  brought  about  many  devices 
for  warding  olT  and  tempering  the  rays  and  ameliorating  their  heat. 
For  protecting  his  eyes  from  the  excessive  light  man  has  devised  cye- 
slindcis,  hats,  and  par&sols;  and  for  shade  and  protection  from  the  heat, 

*  Authority  o(  Ur.  J.  Walter  t'ewkea,  ,->  . 

ng.lzcd.vCjOOglC 


496  DEVELOPMENT   OF   ILLUMINATION. 

tthelter^  of  bruHh,  skin,  or  cloth.  In  some- environmente  the  chie--*' 
fanrtion  of  tho  house  scem»  to  be  for  shelter  against  a  burning  ^un. 
and  this  points  out  a  probable  origin  of  the  house  in  tropical  countries- 

Nowhere  is  this  regulation  of  daylight  more  thoroughly  carried  out 
than  in  our  modern  houses  of  the  temperate  regions,  whose  develop- 
ment has  been  along  the  praiseworthy  lines  of  more  light  and  air. 
What  the  ancients  directly  accomplished  by  small  light  opeDingti 
requirei^  now  hangings,  lace  curtains,  inuide  shuttera,  blinds,  perhaps 
sash  curtains,  outride  shutters,  and  an  awning.  These  may  further  be 
remforced  by  shade  trees.  With  all  these  adjuncts  one  might  be  led 
to  l»eiieve  that  the  dim  light  of  the  early  house.'*  is  still  preferred  by 
the  moderns. 

As  a  corollary  of  protection  from  the  sun  follows  the  obser\-Htion 
that  tribes  living  in  the  shade  become  lighter  in  color  than  their 
fellows  living  in  the  open  country.  It  i^  also  true  that  there  in  a 
chai-acteristic  facial  modification,  such  as  wrinkling  and  •.contorting 
about  the  eyes  produced  in  those  who  arc  exposed  to  the  glaring  light 
of  the  deserts  or  the  sea. 

Without  doubt  man  is  a  diurnal  animal;  his  eyes  have  not  the  con- 
densing power  of  those  of  the  Felithe  and  other  nocturnal  beasts.  The 
man  apes  are  also  day  animals,  and  those  tribes  of  mankind  retaining' 
a  degree  of  primitiveness  regulate  their  rest  to  the  setting  and  rising 
of  the  sun. 

With  the  use  of  fire  begins  the  history  of  artificial  illumination. 
The  nocturnal  light  of  nature  became  then  of  little  moment  iit  c-om- 
parison  with  fire  lights  and  the  burning  brand  in  the  hand  of  man; 
the  conquest  of  light  over  darkness  vnm  signalized,  and  the  night  side 
of  man^ti!  life  and  his  prepress  toward  culture  became  a  theme  of  sur- 
passing interest. 

There  perhaps  can  not  be  a  satisfactory  reconstruction  of  the  period 
before  the  knowledge  of  fire,  and  the  difficulty  persists  in  the  subse- 
quent stages  of  the  lurquisition  and  use  of  fire,  and  tho  generation  of 
fire  at  will — stages  gr&sped  by  the  philosophic  mind  of  Paul  Broca. 

One  fa^^'t  stands  out  clearly — that  man  unat^'quainted  with  fire  is 
unknown.  With  the  light  of  the  camp  fire  comes  the  torch,  and  from 
this  starting  point,  by  the  help  of  observations  on  less  civilized  peoples, 
it  may  be  pos.sible  to  reconstruct  the  history  of  artificial  illumination 
and  to  check  it  in  some  degree  by  the  aid  of  archasology. 

The  following  table,  briefly  epitomizing  the  development  of  the 
candle,  i.s  presented  as  the  result  of  extended  research  in  this  direction: 

DEVELOPMENT   OF   THE    CANDLE. 

PriAoUlamiiialion  m  line  nf  torrh: 

Pirefliea  iisol  as  torch<«.     Pat  Itoliee  of  birclx  ant)  fieh  liurned  for  light. 
Prototon-h  (adventitioiiH  and  lempiirary) : 

1.  Firebrand,  branclK*,  recinous  wtxxl,  bark,  leaves,  etc.  _^ 
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Tort'h  (for  i-iiBtuiiiarj-  uw): 

2.  8liverB  or  olhcr  eleiuentu  tin!  l4^r«ther  in  a  bundle. 

3.  Boll  of  resin  wrapped  in  leav*w. 
ProtiHundlf: 

4.  Kopi-  Hoakcd  in  resin, 

5.  Fiber  eoaked  in  tat  or  wax. 
0.  Kiuh  (4)akeil  in  ^reiwe. 

7.  f'tk'k  or  Hplint  with  greaw?  fur  liuhtinit. 
Cam  Hi- 
ll. Mass  of  fat  fonned  ujton  a  stick  around  wliirh  in  wound  n  wi<-k  of  liber. 
!l.  OintUea  of  wax  or  (at. 

10.  Dipped  candles. 

1 1.  Moldwi  candles;  improvi-l  anil  art  candlee  of  twentieth  t'entury. 

While  the  line  of  development  hat  proceeded  from  the  rude  toiTih  to 
the  oiindle.  the  steps  marked  in  the  series  are  sugjj;eNtive,  embracing 
devic'es  used  by  different  peoples  and  at  divers  times.  There  is  not 
Mpaee  hero  to  present  the  rej^iilts  of  investigations  among  different 
I>eoplc:4  and  in  speeial  areas.  It  will  )>e  seen  that  the  puipose  for 
whit-h  light  is  to  be  used,  the  pla^e  in  which  it  is  to  he  used,  the 
period,  and  the  resouii^'es  of  the  enviiT>nment,  are  among  the  modify- 
ing influences  on  materials  and  apparatus.  Hence  the  complete  steps 
of  the  development  may  not  be  exemplified  in  a  given  area,  though  a 
nuintier  of  superposed  phases  of  light  utilization  may  exist  side  by 
sidfi.  It  is  true,  also,  that  the  growing  need  for  light  has  brought 
a  closer  association  of  the  means  of  illumination  with  the  life  of 
man.  The  smoking  torch,  for  example,  is  utilized  for  open-air 
illumination,  while  the  candle  enters  the  house  and  companionship  of 
the  family. 

Following  the  torch  in  the  line  of  development  comes  the  lamp, 
which  separated  from  the  stem  of  the  torch  at  a  period  when  oils  and 
fat  came  to  be  used.  This  may  have  occurred  (1)  as  a  concomitant 
of  migration  or  after  the  domestication  of  animals  whose  fat  was 
available;  (2)  at  the  time  of  the  discovery  of  mineral  oil,  (3)  or 
of  the  utilization  of  vegetal  oils,  such  as  that  of  the  olive  and  the 
cocoanut. 

The  lamp  appears  to  have  arisen  at  a.  period  after  migrations  into 
the  temperate  zones  had  brought  man  into  new  conditions.  The  prin- 
eipal  of  these  was  the  longer  night,  and  joined  to  this  was  the  settle- 
ment in  comparatively  pennanent  habitations.  In  this  view  the  fire 
.stick  and  torch  were  the  essential  accompaniments  of  early  migration 
and  without  doubt  determiniKl  the  spread  of  man  over  the  eartb^s 
surface. 

Since  the  torch,  from  its  perishable  character,  is  rarely  found  on 

ancient  sites,  there  is  little  to  be  said  as  to  its  archreologj'.    The  lamp, 

on  the  contrary,  being  a  higher  idea,  involves  work  in  stone,  pottery, 

bronze,  or  iron,  producing  objects  which  survive  burial  in  the  soil. 
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Diucoverieji  by  French  ari-liipnl<^i8tH  have  shuwn  that  the  lamp  wa^  in 
use  at  the  close  of  the  lacustrian  bronze  age,  and  up  to  the  preeeni 
tiDie  tbe»e  are  the  most  ancient  objei-tM  which  have  l>een  found  thstare 
unmistakably  lanipri. 

It  would  Necni  that  the  lamp  with  a  wick  bad  its  orig-in  at  h  culture 
plane  reprewented  by  that  of  the  bronze  age,  though  such  employmem 
of  fii-e  might  havo  been  prefigured  by  usages  in  the  fige  of  poliohed 
stone.  Again,  the  latitude  and  consequent  difference  in  temperature 
of  Htationx  have  exerted  controlling  influence  on  the  character  of  the 
early  huupe  wbivh  it  might  be  possible  to  employ.  Thus  climatic  con- 
dition8  render  the  fuel  liupplj'  of  the  lamp  solid  or  fluid  and  broad/r 
determine  the  form  of  the  reservoir. 

It  is  almost  safe  to  say  that  the  higher  typea  of  ilium inatioj^  "ppa- 
ratus  would  not  have  developed  exoept  in  the  temperate  zone  or  the 
region  of  long  nightM.  The  tallow  candle  is  a  device  of  cold  regioan; 
the  same  may  l)e  affirmed  of  the  open  fat  lamp.  The  form  of  the  latter 
seems  to  depend  upon  the  character  of  its  fuel  supply,  and  tbtn  cHuse 
no  douljt  constantly  gives  rise  to  forms  of  extreme  primitiveness  in 
the  midst  of  a  high  civilization,  aside  from  those  descendinjf  from  tiif 
primitive  type  and  retained  in  use  through  the  working'  of  the  large 
body  of  survivals  of  custom  in  every  society. 

DEVELOPMENT   OF   THE    LAMP. 

The  series  might  have  gnmped  at  the  lieginning  devices  for  prodac-  , 

ing  a  temporary  light  and  those  undifferentiated  lani|>s  of  skulls  and  j 

bones.  The  bodies  of  birds  and  fish  burned  by  means  of  a  wick  a^""  I 
may  be  classed  with  the  lamps. 


1.  Oil  )jag  from  which  oil  is  thrown  on  a  fire  to  produce  a  temporary 
light.  Kwakiutl  Indians,  British  Columbia.  Lighting  apparatus  of 
skulls  or  bones  suggestive  of  primitive  lamps. 

a.  Lamp.  Unworked  beach  stone  with  a  concavity,  supplied  wit^ 
oil  and  having  the  wick  laid  along  one  edge.     Aleut  shell  heaps. 

3.  Lamp.  Hollowed  beach  stone  with  moss  wick  arranged  along 
one  edge.     Worked  stone  lamps.     Kskluio. 

4.  Lamp  of  pectcn  shell  with  oil  and  wick  of  rush  pith.  Aino». 
Japan.     Fusus  shell  hanging  lamp.     Orkney  islands. 

5.  Lamp.     Terracotta  saucer,  China.     India,  etc. 

6.  Terracotta  saucer  with  edge  pinched  up  into  gutter  or  gutters  {<"■ 
wick.     Syriaand  India. 

7.  Lamp.  Terracotta.  Reservoir  almost  closed  over;  spout  fc 
wick.  Ijamps  of  ijottery  with  reservoircloscd  over,  l^mpsof  bronM 
with  one  or  more  wick  s|K(uts.     Roman. 
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8.  Lamps  of  iron  of  Himple  nbape  with  plain  open  or  closed  reeervoii' 
and  with  spout,  and  often  having  dip  catchers  and  a  device  for  tipping 
to  allow  the  oil  to  reAch  the  wick.  There  is  considerable  variety  of 
such  lamps,  which  were  used  in  Europe  before  the  epwh -making  inven- 
tion of  Argand.  Being  products  of  the  blacksmith's  hammer,  they 
present  a  certain  crudity,  as  of  antiquity.  However,  there  ia  no  rea- 
son to  doubt  that  they  are  the  survivals  of  the  forms  of  the  iron  ^e. 

It  may  be  interesting  to  brictly  pursue  the  line  of  the  lamp  into  the 
inventive  age. 


9.  Lamp  of  brass  with  reservoir  mounted  on  rod  and  stand;  several 
curving  spouts.     Italian.     Development  from  the  Roman  lamp. 

10.  Lamp  of  bi-a^is  designed  to  furnish  heavy  oil  to  the  wick  under 
hydrostatic  pressure.     Fleihish. 

11.  Lamp  with  chimney;  draft  to  flame  and  heavy  oil  under  gravity 
pressure.     Argand's  invention  and  French  inventors. 

12.  Ijauip  with  chimney  and  Argand  burner;  heavy  oil  under  foreed 
pressure  of  a  spring.     Devices  for  heating  heavy  oil.     France. 

13.  Lamp  of  glass  having  one  or  two  tubes;  for  burning  whale  oil. 

14.  Lamp  burning  "  camphene^'  by  means  of  wick  and  tubes  and 
without  chimney.     United  States. 

15.  Lamp  with  chimney;  ventilated  burner;  woven  wick  raising 
refined  petfoleum  by  capillarity.  United  States,  1870.  Developed 
burner  to  end  of  century. 

At  present  the  destiny  of  illumination  is  in  the  hands  of  the  investi- 
gator and  inventor.  Who  knows  to  what  heights  their  efforts  will 
lead?  But  before  the  inventive  era,  before  Argand,  if  you  please,  the 
world  satistied  its  needs  for  light  with  the  immemorial  simple  lamp 
and  smoky  torch,  increasing  the  illumination  at  times  by  multiplying 
the  number  of  lights,  and  casting  over  scenes  of  splendor  the  flare  of 
torches  little  removed  in  simplicity  from  those  of  prehistoric  man. 

It  may  t>e  a  wholesome  correction  of  our  pride  in  the  advance  of  a 
century  to  reflect  that  most  of  the  human  race  is  stilt  in  the  lininvent- 
ive  period,  depending  for  light  on  torches  and  simple  saucer  lamps. 

The  epoch-making  invention  of  the  chimney  and  the  discovery  of 
boundless  hydrocarbons  in  the  earth  have  not  yet  reached  the  major- 
ity of  mankind,  while  the  electric  light  ca-sts  its  bright  rays  in  a  very 
small  area  of  imuiense  obscurity.  Still  there  is  progress,  and  grad- 
ually tribes  from  their  beginnings  unacquainted  with  more  than  the 
most  simple  illuminating  methods  are  seeking  more  light. 

It  is  interesting  to  note  in  this  connection  the  education  of  the  Hopi 
Indians  of  Arizona  in  the  u.se  of  artiticial  illumination.  The  environ- 
ment of  these  Indians  is  scmiarid,  and  there  is  such  scarcity  of  fuel  in 
their  isolated  country  that  it  must  be  used  sparingly  for  cookiniF  and 
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only  as  u  lusiury  for  illumination.  Hcn«»,  up  to  a  few  year»  ago,  all 
avo<.'atioii8  ceased  at  dark.  Four  years  ago  the  writer,  while  eocaaip- 
ing  at  Walpi,  noticed  only  a'  solitary  light  at  night  in  the  puebio. 
Thei-p  was  at  that  time  a  demand  for  candles.  Two  ywirs  later  a  num- 
ber of  lights  shone  from  the  windows  of  the  village.  Lately  coal  oil 
has  becouie  known;  a  great  many  families  possess  the  luxury  of  aooal- 
oil  lamp,  and  this  has  worked  ii  great  t-hange  in  the  habits  uf  the  peo- 
ple.    This  seems  in  epitome  the  history  of  illumiDatioa. 
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ORDER  OF   DEVELOPMENT  OF  THE   PKIMAL  SHAPING 

ARTS.' 


By  W.  H.  HoLHEH. 


Modern  science  haa  gone  far  toward  establishing  the  proposition 
that  the  human  race,  like  the  various)  other  groups  of  sentient  beings, 
ia  the  product  of  evolutional  procesaes,  and  the  student  of  history  has 
added  the  corollarj'  that  human  vulture  has  likewise  developed  through 
a  long  series  of  progressive  stages  from  infinitesimal  germs  up  to  Uie 
present  complex  and  wonderful  conditions.  The  history  of  culture 
can  not,  therefore,  be  complete  until  the  course  of  its  development 
has  been  tiBced  back  to  the  remotest  beginnings.  The  phenomena  of 
art  are  the  tangible  representatives  of  human  progress  and  achieve- 
ment, and  upon  these  we  arc  almost  wholly  dependent  for  an  insight 
into  the  initial  stages  of  history.  Furthermore,  there  is  a  shadowy 
interval  at  the  very  beginning  of  culture  history  unrepresented  by 
art  remains.  Into  this  space  we  seek  to  extend  our  vision  by  the  aid 
of  i-ays  borrowed  from  other  branches  of  science. 

Assuming  the  general  uniformity  of  nature's  genetic  processes,  we 
conclude  that  in  the  beginning  there  was  a  period  of  rudimentary  or 
instinctive  use  of  materials  during  which  our  race  carried  on  its  activi- 
ties much  as  the  bird  builds  her  nest  of  sticks  and  grass  and  the 
badger  burrows  a  home  in  the  ground.  But  the  time  must  have  come 
when  the  hand  of  this  creature,  man,  was  so  developed  and  his  brain 
so  matured  that  articles  supplied  by  nature,  such  as  sticks  and  stones, 
were  held  in  the  hand  for  throwing,  striking,  and  rubbing.  These 
things  became  implements,  multiplying  the  powers  of  the  hand  and 
finally  giving  man  dominion  over  nature. 

The  first  sU^e  of  implement  using  would  consist  in  the  employment 
of  articles  furnished  by  nature.  The  second  stage  would  be  entered 
upon  when  the  things  used  began  to  be  modified  in  shape  designedly 
to  increase  their  efficiency.  The  passage  from  the  first  to  the  second 
F<tage  would  be  made  possible  by  unintentional  alterations  of  the 
primal  utensils  brought  about  through  use,  and  the  observation  of  the 
piocesses  of  modification  by  creatures  able  to  profit  by  these  observa- 
tiotiK.  This  stage  would  witness  the  beginning  of  those  manual  opera- 
tions to  which  we  give  the  name  "  the  shaping  arts."  It  is  these  first 
nei«ssary  steps  in  art,  weak  and  hesitating  and  almost  infinitely  slow 
as  they  must  have  been,  that  more  than  any  others  demand  the  atten- 
tion of  the  student  of  history. 

'From  the  Proceetiinnc  <>I  Ihi-  AiiiiTiciui  Atwii'iaUon  for  the  Aih'ani'enifdt.if  St-ieni-e, 

Voixui,  18W.  ,,    ,    C^yo-^lc 


502 


DEVELOPMENT   OF   PRIMAL   SHAPING    ARTS. 


There  is  little  prospcet  of  .sociiring  examples  of  the  earliest  ppoducto 
of  men's  hands,  as  they  were  probahly  exei'uted  in  destructible  mate- 
rials and  have  long  since  disappeared.  As  soon,  however,  ah  the 
shaping  operations  extended  to  stone,  permanent  records  were  made 
and  many  artifacts,  representing  all  stages  and  periods,  are  still  extant. 
forming  the  only  actual  evidence  of  the  early  struggles  and  achieve- 
ments of  the  race.  Archieologist^  are  engaged  in  collecting  tbe^e 
remains  and  arranging  them  according  to  the  plan  suggested  by  the 
general  scheme  of  evolution,  applying  the  result  to  the  elucidation  of 
human  history. 

Consideration  of  the  entii-e  body  of  phenomena  of  art  in  stone  is 
not  possible  in  the  present  study,  and  I  shall  confine  myjelf  to  a  small 
portion  of  the  field — to  the  initial  stages. 

A  glance  at  the  accompanying  synopsis  will  convey  a  definite  notion 
of  the  relation  of  the  group  of  phenomena  here  to  be  considered  to  the 
whole  field  of  the  shaping  arts.  These  arts  may  be  divided  primarily 
into  manual  and  physii'al  grouiw.  The  tirst  includes  ail  those  things 
shaped  directly  by  the  human  hand,  aided  by  mechanical  appliances; 
the  second  includes  those  in  which  the  matmal  operations  are  assisted 
by  pbj'sical  processes  oi-  agents,  such  as  heat,  acids,  and  electricity. 

The  manual  arts  employ  mainly  six  groups  of  processes,  to  which  I 
have  given  the  names  fracturing,  bruising,  abrading,  incising,  model- 
ing, and  constructing.  Four  of  these  groups— the  four  placed  first  in 
the  synopsis — are  concerned  in  our  studies  of  the  earliest  culture,  and 
pertain  to  the  shaping  of  stone  in  its  elementary  utilization. 

SYNOI-aiS   OF  THK   SHAPINO   ARTS. 

(Splitting, 
breaking, 
flaking,  etc. 
{Battering, 
pecking,  etc. 
bushing, 
f [Grinding, 
rubbing, 
«,»..™,h™..  polishing,  etc. 

Incising  ... 


Mfxlttling  . 


I  incising, 
(piercing,  etc. 

{Molding, 
Btamjiing, 
hammering, 
I  Bui  I  ding, 
'6.  ConHtnicting  (weaving, 

Wwing,  etc 
il.  Heat  fracture. 
2.  Explosion  tracttire- 
;i.  Kti'hing. 
|4.  KlivtroHleimciting. 
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ORIGIN   OF  MANUAL   PHOCE8flE8. 

Taking  tho  evolutional  view  of  the  development  of  man  and  liis  nrtf«, 
we  must  tirMt  tumour  attention  toward  the  probable  activities  of  the 
creature  man  as  he  issued  from  the  prehuman  Mtage  and  liegan  slowly 
to  make  use  of  the  objeetM  with  which  he  was  surrounded  for  imple- 
iiieiitM  and  utennila.  By  the  utilization  of  stone  in  the  form  of  frag- 
ments, nodules,  and  bowlders,  the  properties  of  that  material  would 
be  gradually  revealed  to  him.  and  in  time  four  pnx'esses  of  modifying 
its  shapes  would  inevitably  be  suggested  and  utilized.  These  are  f  rac- 
tuniig,  bruising,  abrading,  and  incising. 

FRACTIIRINO    I'ROCE88E8, 

The  fracturing  pi-ocesses  are  placed  first  for  reasons  that  will  appear 
in  the  sequel.  As  known  to  us,  they  employ  two  groups  of  acts,  per- 
cussion, and  pressure.  The  first  of  theie  implies  the  use  of  a  hard 
and  heavy  implement  with  which  the  stone  to  be  shaped  is  struck, 
producing  fi-acture;  the  second  implies  an  implement  of  at  least  mod- 
erate hardness,  which  is  pressed  against  the  brittle  stone,  producing 
fracture.  These  necessary  acts— the  simple  manual  operations — are 
so  elemental  as  to  be  within  the  reach  of  man  in  a  very  low  stage  of 
mental  and  physical  development.  The  first — percussion — probably 
the  only  act  employed  in  the  auroral  days,  demands  nothing  more  in 
the  way  of  skill  than  that  required  in  the  easting  or  striking  of  one 
stone  against  another,  or  that  required  in  the  craL'king  of  a  skull  or  a 
nut.  In  the  operation  of  this  process  a  hard,  compact  hammer  of  stone 
or  other  suitable  material  having  a  convex  striking  surfai'e  is  essential. 
The  .second  process —pressure^ — is  less  primal,  requiring,  before  it  can 
be  operated  with  success,  a  specially  prepared  tool  of  hard  wood, 
bone,  or  other  compact  substance.  The  several  varieties  of  acts 
employed  in  frat^turing  are  named,  according  to  the  nature  of  the 
particular  results  produced,  "breaking,"  "splitting."  "flaking,"  and 
"chipping."  The  term  "flaking"  is  in  common  use  to  represent  the 
form -elaborating  operations  of  the  group.  The  material  shaped  must 
be  measurably  compa<;t,  homogeneous,  and  brittle.  Such  stone  is 
widely  distributed  over  the  habitable  world. 

BRUISING   OR   BATTRRINO    PROCESSES. 

The  acts  employed  in  this  class  of  operations  are  wholly  or  in  the 
main  percussive,  the  impact  resulting  in  a  bruising  and  crumbling  of 
minute  portions  of  the  surface  of  the  stone.  The  hammer  employed 
must  be  hard  and  tough,  and  the  stone  shaped  must  be  sufficiently 
tough  to  practically  preclude  fracture  by  the  ordinary  blow.  The 
simple  act,  like  that  required  for  fracture,  is  quite  elemental  and 
within  the  reach  of  a  <Teatui'e  of  low  organization.     No  spjeeializedi 
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tool  is  nectMsaiy,  the  result  Iming  reached  by  striking  one  r*tone 
^ain»t  another  of  prupcr  relative  durability.  The  several  m-t.-s  aiv 
known  as  '"Imtterini;,"  "biiiisinK,"  nnd  "pcvking,"  the  last  term 
being  in  e^uimon  use  for  the  m-I  by  whirh  shaping  is  mostly  ao^-om- 
plished  by  primitive  peoples.  Matt-rials  suitable  for  shaping-  by  this 
process  are  plentiful  and  very  genei-ally  distributed. 

ABKADINO    FBCK^RSflEH. 

Shaping  by  abnwion  in  itt<  most  elemental  form  results  from  the 
rubbing  of  one  object  against  another  with  such  force  a.s  to  reinore 
minute  particles  from  one  or  both.  The  operations  are  generally 
expresjited  by  sueb  terms  as  "grinding,"  "rubbing,"  and  "polish- 
ing." All  stones  are  abmdable,  and  most  stones  can  be  made  to  serve 
in  the  active  operations  of  abi-ading.  The  at^-t  is  so  simple  that  it  iiiay 
be  performed  by  any  creature  having  power  to  grasp  the  rubbing 
stone.  Its  employment  in  the  shaping  arts  was  undoubtedly  primal, 
although  it  may  be  hard  to  secure  tangible  evidence  on  this  point. 


The  incising  acts  are  also  simple  in  their  nature.  In  their  most 
elementary  form  they  are  practiced  by  all  ci'eatures  having  teeth  and 
nails.  In  art  they  include  the  shaping  of  materials  by  cutting,  pierc- 
ing, picking,  scraping,  etc.  They  imply  the  use  of  a  hard  edged  or 
pointed  tool  and  a  sul>staiice  to  be  shaped  somewhat  less  bard.  Though 
a  primal  art,  it  is  doubtful  whether  incising  wan  applied  to  the  shap- 
ing of  stone  in  the  earliest  times.  This  appears  fi'om  the  permissible 
assumption  that  stone  soft  enough  to  be  cut  and  Mumped  would  not  be 
required  in  the  simple  acts  of  food-getting  and  defense,  and  the  mak- 
ing of  vessels,  pipes,  ornaments,  and  ceremonial  objects  did  not  form 
a  part  of  the  accomptishments  of  the  early  days. 

There  are  a  number  of  well-known  shaping  operations  that  combine 
one  or  inoi"e  of  these  processes,  or  that  pass  imperceptibly  from  one 
into  the  other.  Cutting  and  drilling  often  combine  the  bruising  with 
the  incisive  methods.  Sawing  may  be  done  with  an  abrading  edge  or 
with  seiTations  that  incise.  ik>i'ing  is  likewise  accomplished  either  by 
cutting  or  by  abrading  points  and  edges. 

From  this  brief  analysis  of  the  four  simple  primal  shaping  acts,  and 
a  consideration  of  their  relations  to  the  mental  and  physical  powers  of 
auroi-al  man,  as  well  as  to  the  availaitle  materials  of  his  environment^ 
I  believe  it  impi-acticable  to  i-each  any  conclusion  as  to  which  of  these 
acts  would  first  be  ransciously  employed  and  intelligently  and  generally 
utilised  in  shaping  stone.  But  there  are  other  criteria  which  may 
assist  us  in  the  attempt  to  place  them  in  their  pro|ter  sequence  and 
relations  to  culture  progi-ess. 
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ORDER  OF  ARTB  DEPENDENT  ON  UEN'h  NEEDS. 

A  study  of  the  elemental  -shapinjf  acts  (iocs  not  uid  us  in  determin- 
ing what  partifulai-  art  would  take  precedence  or  what  variety  of  art 
product  ought  to  characterize  the  earlient  periods  of  human  history. 
If,  however,  a«  appeal's  to  he  the  caac,  the  four  shaping  processes 
were  equally  within  the  I'each  of  man  when  art  hegan,  it  does  not  nec- 
essarily follow  that  alt  would  come  into  general  use  at  or  even  near  the 
same  time  or  stage  of  advancement.  It  is  not  the  simplicity  or  dis- 
coverability of  a  shaping  process  that  decides  the  order  of  its  adop- 
tion. The  question  is  rather  as  to  whether  or  not  it  is  better  suited 
than  any  other  proces:;  for  supplying  human  wants.  The  simplest 
process  possible,  though  in  operation  before  man's  eyes  from  the 
beginning  to  the  end  of  his  <^areer,  would  never  come  into  use  did  it 
not  subserve  the  requirements  of  his  existence.  The  asseiiion  may  be 
safely  made,  therefore,  that,  capacity  and  environment  being  uniform, 
the  shaping  process  that  would  directly  supply  a  permanent  or  fre- 
quently i-ecurring  need  not  otherwise  supplied  would  be  the  first  proc- 
ess generally  utilized. 

A  study  of  human  needs  in  the  auroral  days  may  assist  in  throwing 
light  upon  the  order  of  succession  and  course  of  development  proli- 
ably  taken  by  the  implement-producing  arts.  Let  us  inquire  what 
devices  would  naturally  be  called  for  in  supplying  primal  needs;  first 
the  need  of  food,  second  the  needs  of  defense  and  offense,  third  the 
needs  of  shelter  and  clothing,  fourth  the  needs  of  transportation.  The 
need  of  food  is  a  first  and  ever  present  incentive  to  activity,  and  in 
early  periods  man's  ingenuity  must  have  been  constantly  exercised  in 
securing  a  sufficient  and  permanent  supply.  Food  getting  would  lead 
to  the  development  of  varied  activities,  and  call  into  use  all  available 
manual  aids.  It  would  certainly  in  time  lead  to  the  multiplication  and 
specialization  of  utensils,  thus  opening  the  way  for  pi-ogress  in  the 
shaping  arts  and  the  evolution  of  culture. 

It  is  necessary,  then,  to  inquire  as  to  the  probable  nature  of  the 
artificial  devices  that  food  getting  and  preparing  would  call  into  exist- 
ence. The  devices  employed  would  depend  on  the  nature  of  the 
food  resources  available  to  primitive  man.  The  question  is  compli- 
cated by  the  fact  that  environment  i.s  far  from  uniform,  and  that  the 
food  i-esources  vary  with  the  habitat.  Yet,  considering  general  con- 
ditions only,  we  are  able  to  reach  measurably  satisfactory  results. 
Whatsoever  man's  habitat,  his  food  resources  were  limited  to  the  pi-od- 
uvU  of  animal  and  vegetable  life,  or  to  both  combined,  and,  so  far  as 
the  use  of  stone  is  concerned  in  dealing  with  these  substances,  it  is  safe 
to  aay  that  two  classes  of  implements  and  only  two  would  bp  in 
constant  demand.  First,  roundish  or  blunt  stones  would  lie  needed 
for  throwing,  striking,  crushmg,  breaking,  grinding,  etc.;   .setiond,|i^ 
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sharp  or  incisive  stones  would  Ije  demanded  for  cuttinff,  pieroin;^. 
digging,  scraping,  and  the  like.  The  same  statement  may  be  niade 
with  respect  to  the  stone  tools  applicable  to  purposes  of  defense  and 
offense,  and  uvailalile  in  activities  pertaining  to  shelter,  clothing,  and 
transportation. 

These  two  general  classes  of  stone  implements  fulfilled,  »o  far  as 
stone  could  fulfill  them,  all  the  requirements  of  man's  existenc*e  in 
primal  days;  antl  if  the  question  were  limited  to  that  of  the  relative 
nwd  of  blunt  and  sharp  stones  in  the  pi-aotice  of  the  ait-s  we  should 
)>e  compelled  to  say  that  no  distinction  could  )>e  made,  that  one  class 
could  not  claim  precedence  over  the  other  in  usefulness  or  in  |>eriod 
of  utilization. 

A  yUESTION  3F  SUPl'LYINO  WANTS  NOT  OTHERWI8R  SUPPLIED. 

But  it  should  be  most  carefully  noted  that  the  question  is  not  one  as 
to  the  coiuparative  usefulness  of  these  forms  of  iniploment.->,  or  even 
of  the  period  of  their  adoption,  hut  of  their  pi-oduction  as  works  of 
art.  Which  form  would  man  tii'st  lie  induced  to  shape  for  him.'H^If, 
tJius  adding  a  group  of  artificial  utensils  to  his  simple  list  of  adapted 
appliances^  If,  as  seems  to  lie  the  <-ase.  both  clas.ses  of  tools,  the 
blunt  and  the  sharp,  are  equally  essential  to  man.  the  question  bccome.s 
one  of  natural  supply.  If  nature  furnished  nit  that  was  I'equired  in 
the  way  of  tools,  art  would  not  he  called  on  to  pixiduce  them.  If 
nature  supplied  one  class  lueagerly  and  the  other  abundantly,  the 
meager  <'Iass  would  lje  added  to  by  artificial  means.  Now  if  we  review 
the  vai'ious  n^gions  of  the  world  that  could  have  served  as  the  abiding 
place  of  auroral  man,  we  find  that  the  rounded  stone— the  bi-eaking, 
bruising,  grinding  stone— is  nearly  everywhere  more  readily  obtain- 
able than  the  cutting,  piercing  stone.  The  former,  l>eing  ready  at 
hand,  would  be  at  first  most  freely  utilized  and  for  a  long  time  util- 
ized in  the  natural  state,  while  the  latter,  Iwing  also  known  and  used, 
yot  ('omparativeiy  niiv.  would  lie  aitificially  produced  as  soon  as  the 
capacity  to  do  so  was  developed. 

The  artificial  sharp  stone,  the  intentionally  shaped  sharp  stone, 
would  thus  natumlly  have  precedence  as  an  art  form  over  the  intention- 
ally shaju'd  rounded  stone.  It  would  probably  be  the  first  represen- 
tative of  the  shaping  art  in  stone  to  come  into  general  use.  But  there 
are  other  points  to  be  considered. 

OPEKATION  or  THE  PRIMAL  SHAPING  ACTS. 

hirijiiiiitt  daiji-^. — We  must  now  look  more  fully  into  the  operation 
of  the  four  elementary  stone-shaping  acts-  into  the  Iwginningsot  the 
arts  to  which  they  give  rise.  It  is  iiupoitant  to  note  that  the  act.  the 
essential  element  of  the  pmcess,  is  not  necessarily  an  index  of  the 
simplicity  or  ease  of  its  utilization.     The  ease  of  the  first  step  in  along 
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and  tortuous  pathway  does  not  determine  the  ease  of  the  journey. 
The  ease  of  the  first  shaping  act  does  not  determine  the  ease  of  opera- 
ting- it  in  such  a  way  as  to  pi-oduce  a  desired  and  final  result.  We 
observe  that  in  art  a  desired  and  definite  result  may  be  obtained  by  a 
ttingle  shaping  act,  or  that  a  succession  of  acts  may  be  requiL*ed.  Itis 
also  clear  that  the  acts  may  increase  in  difficulty  as  the  operations  pro- 
ceed. The  intelligence  that  directs  a  first  act  to  secure  a  definite  and 
immediate  result  may  not  be  equal  to  the  task  of  directing  a  series  of 
acts,  howsoever  simple,  aiming  at  a  remote  result.  In  general  it  may 
be  said  that  a  single-act  result  would  be  the  first  designed  result  reached 
and  i-epeated  in  the  shaping  arts.  A  two-act  result  would  follow, 
and  would  precede  those  that  depend  upon  ten,  twenty,  a  hundred, 
or  a  thousand  acts.  Let  us  examine  the  four  primal  stone-shaping 
processes,  fracturing,  bruising,  rubbing,  and  cutting,  with  respect  to 
this  point.  What  Ls  each  capable  of  accomplishing  under  the  simple, 
elementary  conditions  that  must  be  assumed  for  the  incipient  days  of 
mind  and  art?  Of  the  four  processes,  that  which  produced  an  imme- 
diate, palpable,  available  result  would  i:>e  first  utilized.  The  fracturing 
act,  the  blow  upon  a  brittle  stone,  would  beyond  all  dispute  be  that 
process.  Such  a  blow  produces  at  once  one,  possibly  two,  keen-edged 
tools  having  forms  admirably  suited  to  the  common  and  ever-present 
needs  of  the  man  who  must  rend  flesh,  dress  skins,  cut  wood  and 
bone,  and  dig  roots. 

On  the  other  hand,  the  bruising  blow,  the  shaping  act  by  means  of 
which  tough  stones  are  shaped,  produces  an  almost  imperceptible  effect 
on  the  stone  struck;  there  is  no  suggestion  of  a  useful  I'esult — a  i-esult 
that  could  add  to  the  availability  of  ordinary  natural  forms.  The 
nearest  useful  result  is  far  away  and  obscure,  and  withal,  even  when 
reached,  not  measurably  superior  to  the  forms  freely  furnished  by 
nature.  The  dullest  mind  would  be  able  to  understand  and  utilize  the 
simple  fracturing  act,  but  would  hardly  gi-asp  the  nature  and  possible 
results  of  a  process  so  obscure  as  that  of  bruising  or  pecking  a  piece 
of  rock  into  definite  and  unaccustomed  shape.  This  is  well  illustiated 
by  the  almost  total  failure  on  the  part  of  students  of  archteologj' to 
understand  the  operation  of  the  pocking  process  in  its  details  until 
elucidated  by  recent  experiments  of  Mr.  J.  D.  McGuire.  The  cul- 
tural interval  between  the  genei'al  practice  of  the  two  processes- 
Baking  and  pecking — would  cover,  in  all  probability,  a  considerable 
period  of  progress. 

Mtire  adixinved  stages. — The  operation  of  the  shaping  processes  may 
he  still  more  fully  analyzed  and  surveyed  with  relation  to  actual  known 
implements.  The  brittle  stone  to  be  more  than  simply  fi-actured  must 
beheld  in  the  hand  and  struck  with  another  stone.  The  stone  to  be 
bruised  into  shape  must  also  l>e  held  in  the  hand  and  litruck  with 
another  stone.     The  position.-*  may  be  the  same,  the  shapes  the,  'Mine, , 
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and  the  act  the  .minp.  The  brittle  stone  ih  Htniok  and  is  broken,  pro 
ducing  perhapn  a  ruttinff  or  pien^inff  tool.  A  necond  blow  produce 
a  second  tool,  and  also  modifies  the  nhape  of  the  stone  held  in  the 
hand.  A  two-blow  tool  has  thus  been  made  in  shaping-  ono-blow  to<ik 
By  the  time  ten  tools  or  flakes  have  been  niade  the  portion  held  in  the 
hand  has  been  shaped  by  ten  blows  not  directed  to  it«  own  development. 
but  shaping  it  adventitiously  an  a  nucleus  or  core.  The  rejiults  are  so 
well  defined  and  tangible  that  they  could  not  escape  obfiervation.  and 
further  experiment  would  be  encouraged.  Skill  to  ac<x>nip)isb  sooa 
follows  where  wants  direct  the  effort,  and  tjingihle  results  are  at  omv 
attained.  From  the  initial  steps  of  intentional  flaking  the  way  wouM 
be  always  open  to  the  achievement  of  higher  and  hig-her  results. 
Advancement  could  not,  howover.  be  rapid:  want«  had  to  develop, 
conceptions  ripen,  skill  increase,  and  method^  differentiate  by  infinitesi- 
mal increments,  and  the  highly  specialized  flaked  implement  is  pos- 
sibly as  far  away  from  the  flrst  designed  stroke  in  flaking  stone  as  thp 
printing  press  is  from  the  well  .specialized  flaked  implement  of  savage 
days, 

On  the  other  hand,  again,  the  hard,  tough  stone  titted  for  elabora- 
tion by  pecking  is  struck  by  the  hammer  stone,  and  the  only  result  ix 
a  slight  crumbling  of  the  surface— a  little  white  dust.  There  is  no  eug- 
ge'stiveness,  no  recognizable  step  of  progi-ess  in  this  result,  and  even 
if  a  hundred  blows  were  struck,  no  measurable  progress  would  be  made 
toward  anj'  tangible  result,  for  a  definite  conception  must  be  in  the 
mind  and  a  clear  notion  of  how  to  realize  it  as  well  before  such  result 
would  be  possible.  Ho  far,  then,  as  the  pecking  process  of  itself  i" 
concerned,  it  stands  little  chance  of  primal  utilization  as  compared  with 
the  flaking  proces-s. 

But  is  it  possible  that  a  suggestion  of  the  utilization  of  pecking 
could  come  from  outside  sources,  from  practice  of  the  simple  opera- 
tions of  food  preparation?  In  cracking  nuts  or  pounding  seeds  (for 
these  must  have  been  among  the  primal  activities),  the  stones  employw 
would  through  wear  finally  exhibit  slight  concavities.  The  stonec 
used  in  the  hand  would  also  be  modified  in  shape  by  striking  and  nih- 
bing.  Could  such  suggestions  possibly  give  rise  to  the  independent 
use  of  these  operations  in  shaping  implements  of  stone?  It  is  ""f 
quite  clear  that  the  shaping  accomplished  in  the  mere  routine  of  u-'^ 
would  suggest. to  the  very  simple  mind  the  idea  of  shaping  in  tbf 
abstract,  for  the  shaping  in  use  was  adventitious  and  not  necessarily 
observed.  It  seems  likely  that  man  would  go  on  indefinitely  oBiBg 
what  nature  and  advcntition  supplied  unless  there  was  some  positive 
sug^stiveness  in  the  results  accomplished  or  some  very  exceptions! 
exercise  of  forethought.  Certainly  the  tedious  pounding  and  abrading 
processes  l)lindly  opemtc<l  in  food  preparation  would,  in  primal  davA 
st^ind  little  cluince  of  being  applied  t^)  the  shaping  of  tools  and  utensils 
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of   wperialized  shapes  and  uses,  and  especially  to  the  produftion  of 
iiiiplcniBiits  with  sharp  ]>uirits  or  cutting  c-dges. 

The  natural  tendency  of  the  ]ie(rking  l>low  is  to  blunt  and  destroy 
all  edges,  and  the  pi-otess  would  have  to  be  diverted  from  its  natural 
^■hHiinols  hy  strong  forees  to  make  it  produce  anything  like  an  edged 
tool;   the  conception  of  such  a  use  would  have  to  be  acquired  by  famili- 
arity with  edged  tools  of  other  classes  and  materials.     The  celt,  gouge, 
and  (rrooved  ax  are  the  principal  implements  made  by  po<.-king  and 
grinding  in  common  use  among  savage  peoples.     These  a%n  not  be 
primal  forms,  as  thej'  represent  ripened  conceptions,  specialized  tech- 
nique, skillful  manipulation,  and  highly  differentiated  uses  and  methods 
of  employment.     They  are  pi-actically  without  ancestry  in  their  own 
line.      Altogether  there  seems  to  be  little  or  no  art  produced  by  the 
I>et^^king  and  grinding  processes  that  could  be  safely  assigned  to  primal 
time»,  save  such  adventitious  shaping  as  comes  from  um;.     An  examina- 
tion of  pe(rked  tools  reveals  the  fa<rt  that  in  very  iimny  cases  the  pro<!e8s 
supplements  that  of  flaking,  and  it  is  not  impossible  that  it  was  first 
brought  into  notice  and  use  as  a  means  of  getting  rid  of  irregularities 
and  excrescences  commonly  resulting  from  imperfect  fracture.    Peck- 
ing would  inevitably  be  suggested  in  the  progress  of  flaking  operations, 
tirst,  by  the  effect  on  the  hammer  stone,  which  is  modified  and  special- 
ized by  repeated  contact  with  the  stone  flaked;  second,  by  repeated 
efforts  to  remove  flakes  where  the  stone  happens  to  be  especially 
refractory.     The  repeated  blows  bruise  the  stone,  modifying  its  shape, 
and  suggesting  the  possibility  of  shaping  by  this  means.     The  abrad- 
ing pi'ocesses  might  also  be  suggested  in  similar  ways,  and  especially 
by  the  use  of  flaked  tools  in  operations  which  modified  and  polished 
their  edges. 

Both  the  pecking  and  rubbing  processes  are  especially  adapted  to 
elaboration  and  finish,  and  are  poorly  qualified  to  deal  with  shapes  not 
already  approximate.  They  did  not  attain  their  highest  usefulness 
until  Ruperstition  and  lesthetics  became  factors  in  art,  encouraging 
elaboration  of  form  and  delicacy  of  finish. 

The  accompanying  diagram  expresses  in  the  most  general  way  my 
conceptions  of  the  probable  relationships  of  the  four  shaping  pro- 
cesses to  the  stages  of  culture  progress.  The  accumulation  of  addi- 
tional data  wilt  in  time  enable  us  to  express  these  relations  more  fully 
aifd  with  more  certainty,  but  the  task  is  beset  with  difficulties,  for  the 
reason,  mainly,  that  the  origin  and  progress  of  these  arts  are  not  uni- 
form among  all  peoples.  The  genetic  columns  can  at  Iiest  but  express 
{^nentlizations,  and  are  largely  hypothetical. 

The  c<ilumn  representing  the  development  of  fracturing  arts,  so  far 
as  it  relates  to  the  earliest  times,  is  based  on  the  observations  and 
inferences  already  presented.  The  flaking  ai^t  was  a  primal  act,  and 
thedotted  line  descending  into  the  pre-human  stage  indicates  thia_^    On 
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crossing  the  line — or  soon  after  crosaing  the  line^sepwratin;?  the  prv-  1 
human  from  the  lowest  art  »t^e,  I  atwume  that  the  aut  ^as  first  utilize  { 
in  the  art  nense,  and  that  progress  began.     Being  a  simple  act.  and  ^ 
constituting,  as  operated  in  fracturing  stone,  a  simple  process  givinp 
immediate,  tangible,  and  available  results,  I  conceive  that  its  ase  would 
increase  rapidly  through   early  savage  times,  domisKting'   the  other 
stone-tthaping  processes  of  that  period  and  culminatiDj^  in  late  savage 

lit' 
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times.  The  employment  of  the  group  of  processes  developed  from 
the  simple  fracturing  act  probably  decreased  to  a  considerable  extent 
in  barbarian  times  as  other  processes  came  into  prominence,  but  it  bus 
continued  in  active  use,  especially  in  quarrying  and  roughing  out 
stone,  for  all  classes  of  works,  architectural,  sculptural,  and  miscella- 
neous, up  to  the  present  day. 

The  second  column  is  intended  to  indicate  the  development  of  the 
arts  which  shape  stone  by  bruising  and  crumbling  its  surface.     I  hare 
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already  explained  why  the  process  in  itu  simplest  form  may  be  consid- 
ered primal,  aa  having  its  origin  in  the  pre-human  stage  of  man's 
history. 

JtF4  use  in  shaping  must  have  been  suggested  to  man  at  a  very  early 
stage  of  art  development,  and  the  lines  of  the  diagram  are  allowed  to 
expand  gradually  throughout  the  8a\'age  stages  of  progress.  Observ- 
ing the  obscurity  of  the  effe<^'t«  of  the  bruising  act,  the  long  series  of 
operations  necessary  in  producing  the  simplest  art  form  known,  and 
tbe  oompanttive  rarity  of  pecked  implements  that  would  titly  charoc- 
tenze  the  beginning  stages  of  culture,  the  column  has  been  made  to 
expand  very  slowly  at  first,  widening  rapidly  in  barbarian  times,  dur- 
ing which  pecked  stone  seems  to  have  taken  the  lead  among  many 
peoples  as  a  shaping  process.  The  process  in  its  purity  appears  to 
have  fallen  somewhat  into  disuse  in  civilized  and  enlightened  times, 
the  acquirement  of  hard  metal  tools  having  given  incisive  methods  a 
vorj'  decided  advantage.  The  fact  is,  however,  that  the  shaping  of 
hard  stone  by  means  of  metal  chisrts  partakes  of  the  nature  of  a  (com- 
promise l>etween  the  cutting  and  bruising  processes. 

The  germ  of  the  incising  arts  must  have  come  up  with  man  from  the 
state  of  nature  as  distinguished  from  the  state  of  art  as  expressed  in 
the  third  column;  but  the  development  would  be  slow,  on  a4.ccount, 
first,  of  the  absence  of  hard  cutting  tools,  and,  second,  the  absence 
of  stone  that  could  be  cut  with  ease  into  useful  forms.  An  expanding 
is  indicated  in  late  savage  times,  during  which  it  is  assumed  that  peoples 
began  to  use  soft  stones  for  vessels,  ornaments,  and  ceremonial  articles. 
The  fact  that  the  soft  stones  had.  as  a  rule,  to  be  quarried,  probably 
retarded  the  development  of  this  process.  Again,  when  hard  metals 
came  into  common  use  in  late  barbarian  times  and  in  early  civilization 
stone  cutting  took  a  prominent  place  in  the  arts,  and  has  never  since 
yielded  its  ground. 

The  history  of  the  abrading  processes  is  a  very  interesting  one,  but 
as  indicated  in  the  diagi-am  there  have  been  few  viscisitudes  in  their 
progress.  Beginning  near  the  threshold  of  art,  they  advanced  but 
slowly,  serving  mainly  as  an  auxiliary  to  the  other  processes,  being 
devoted  especially  to  finish  and  beautification. 

INFl.UENCK   OF    ENVIRONMENT. 

In  discussing  a  scheme  of  evolution  for  the  shaping  arts,  I  have 
assumed  what  1  conceive  to  be  avei-age  conditions  of  environment; 
that  is  to  say.  an  environment  where  all  ordinary  materials  are  present 
and  available  in  like  proportions.  It  is  apparent,  however,  that  deter- 
minations based  on  such  an  assumption,  even  if  correctly  made  out, 
may  not  agree  witli  the  actual  order  in  tbe  earliest  development  of  art. 
The  envii"onnu'nt  of  the  tirst  group  of  men  may  have  contained  all  the 
ordinary  elements  <if  stone  art,  or  it  may  have  l)een  without  jOne,  (ujj|,. 
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more  of  these  eleiuente.  If  it  did  not  voDtain  vHrieties  of  stone  suit- 
able to  each  proeesn,  then  there  would  be  a  disagreement  between  the 
ideal  order  a8  here  worked  out  and  the  real  order. 

But  the  race  may  have  been  scattered  over  a  wide  region  at  thr 
period  of  the  birth  of  art,  separate  groups  having  di-stinct  ranges  of 
mineral  resources.  tJreat  diversity  of  art  eonditioii«  would  thu- 
result.  The  group  deprived  of  brittle  stone  would  develop  ifc^  lithir 
art — no  doubt  very  slowly — through  the  bruising,  grinding,  and  cutting 
pi-ocess,  and  flaked  objctrts  would  l>e  practically  unknown.  The  group 
having  only  brittle  stone  would  have  but  meager  traces  of  peckinj; 
and  cutting  operations,  and  flaked  art  would  have  full  sway.  Tw 
cover  the  ground  fully,  a  .separate  culture  chart  would  have  to  be  con- 
structed for  each  group  of  Lsulated  peoples,  for  the  flaked -utonc  age  "f 
one  would  occupy  the  position  on  the  chronolf^ic  scale  retjuired  for 
the  ]»ecked-stone  period  of  the  other.  But  the  lines  l>etween  mineral 
regions  aiv  not  usually  hard  lines,  and  communities  of  men,  how:*- 
ever  primitive,  are  not  fixed  in  habitat.  Arts  change  with  t-hAngeol 
place  and  consequent  change  of  environment;  luid,  taking  the  sum 
total  of  the  conditions  under  which  ii  large  number  of  group--*  of  me" 
would  live,  the  mean  result  must,  it  seems  to  mc.  correspond  some- 
what closely  to  that  expressed  in  the  diagram,  which  makes  the  four 
primal  shaping  activities  synchronous  in  origin  but  indicates  different 
rates  of  development. 

Although  expressing  the  view  thkt  the  exclusive  use  of  a  single 
shaping  pixjcess  or  a  group  of  such  processes  for  a  long  period  seent" 
improbable,  I  do  not  wish  to  antagonize  the  idea  of  a  flaked-stooe 
period  in  western  Europe,  My  diagram  allows  for  such  a  period,  cov 
ering  the  space  from  A  to  B.  That  such  a  period  should  exist,  even  in 
approximate  purity,  however,  until  the  highest  flaked  fomuf  w^'* 
developed,  as  to  C,  and  until  a  graphic  art  equal  to  the  realistic  deline- 
ation of  men  and  animals  on  bone  and  ivory,  say  to  D  in  the  incising 
column,  should  exist  and  flourish,  is,  in  view  of  the  considerationB 
brought  forwai'd  in  this  paper,  not  within  the  range  of  pi-obabih'ty- 

CONCLUSION. 

This  brief  study  can  not  assume  to  be  more  than  an  outline  of  the 
general  subject.  Prolonged  investigation  is  essential  to  the  conip'C' 
tion  of  such  a  work.  J  have  sought  means  of  approaching  and  exam- 
ining that  part  of  primeval  history  not  within  the  ordinary  scope  *•' 
research.  Thraughaii  analysis  of  the  eleinentaiy  shaping  processes-" 
the  agenciai  by  means  of  which  man  gained  his  sway  over  nature—' 
have  undei-taken  to  determine  the  order  in  which  these  operations 
would  probably  originate  and  develop,  and  thus  to  place  the  vane'' 
art  products  to  which  they  give  rise  in  their  proper  relations  with  oo* 
another  and  with  the  successive  stages  of  unwritten  history. 
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Such  studieH  mn  not  add  greatly  to  our  actual  knowledge  of  evenb«, 
iiUhough  they  may  serve  a  good  purpose  in  confirming  or  disci-editing 
conclusions  reached  by  other  means,  but  they  will  materially  assist  in 
preparing  the  way  for  an  intelligent  consideration  of  those  meager 
shreds  of  history  that  extend,  like  the  edge  of  a  frayed  garment, 
back  into  the  realms  of  the  unknown. 

The  present  study  suggests  the  need  of  conservatism  in  interpreting 
the  scattered  records  available  to  prehistoric  archeology.  Where  the 
conditions  under  which  men  have  lived  are  so  varied,  there  must  needs 
be  great  diversity  in  art  achievement,  and  the  order  of  the  steps  of 
human  progress  established  in  one  region  can  not  be  applied  with 
safety  to  another  or  to  all,  notwithstanding  strong  tendencies  toward 
uniformity.  Regional  art  groups  must  be  examined  primarily  in  the 
light  of  local  conditions,  and  general  results  are  to  be  reached  by  a 
comparative  study  of  these  special  results.  The  actual  order  of  pro- 
gress of  the  race  in  the  primal  stages  can  never  be  absolutely  known; 
and  thus  it  is  that  hypothesis  is  called  upon  to  supply  an  order  of  events 
consistent  with  what  i:^  known  of  the  laws  of  life  and  art. 
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BOOMERANGS." 


By  Gilbert  T.  Walker. 


Boomerangs  may  be  ijtudied  for  their  anthropologi«il  interest  as 
examples  of  primitive  art"  or  for  the  manner  in  which  they  illustrate 
dj'namical  principles."  But  there  is  extraordinary  fascination  in  mak- 
iiig  and  throwing  them,  and  in  watching  the  remarkable  and  always 
graceful  curves  described  in  their  flight.  Accordingly,  my  chief  object 
in  the  following  paper  has  been  to  dimiobh  "the  practical  difficulties 
of  the  subject  by  giving  some  of  the  results  of  ten  years'  experimental 
acquaintance  with  it. 

The  Australian  weapons  vary  enormously  in  shape  and  size,  while 
the  skill  of  the  natives  in  throwing  them  is  great  in  some  distri<;t«  and 
very  small  in  others.  The  marvelous  flights  that  were  described  by 
former  tiiivelers  are  but  rarely  seen  to-day,  and  although  it  is  unde- 
niable that  many  a  native  can  make  a  boomerang  go  80  meters  away 
before  returning  to  his  feet,  I  know  of  only  one  trustworthy  account 
of  n  much  more  sensational  throw.''  In  this  the  boomerang  described 
five  circles  in  the  air,  traveling  to  a.  distance  of  about  90  meters  from 
the  thrower  and  rising  to  a  height  of  45  meters. 

For  present  purposes  it  will  be  convenient  to  ponsider  two  types  of 
iuiplpnients.  The  first  {fig,  1)  is  about  80  cm,  in  length,  measured 
along  the  curve,  is  l>ent  (at  B)  almost  to  a  right  angle,  and  has  the 
cross  section  shown  in  tig.  2.  It  is  about  6.5  cm.  wide  and  1  cm.  thick 
in  the  center  at  B,  and  the  dimensions  of  the  crass  section  diminish 
slightly  toward  the  ends  A  and  C.  The  weight  is  alK>ut  'iHO  grams. 
The  arms  are  twisted  from  the  plane  ABC  after  the  manner  of  the 

'Reprinted  from  Nature,  No.  1657,  vol.  64,  Autrust  I,  1001,  in  which  appears  the 
fiillowing  note:  "Thiit  paper  is  here  published  by  |>ermiBBion  of  the  edilora  of  the 
Physikalisclie  Zeitwhrift,  for  which  it  was  oriKiiiftlly  writlen.  A  German  transla- 
tion hoe  appfsred  in  that  journal,  and  from  its  pul)li8her8  the  accompanying  Illustra- 
tions have  been  obtained, " 

'The  Native Tribea  of  Central  Australia,  by  B.  Spencer  and  F.  J.  Gillen  (18»9), 
ch.  xii. 

'R  0.  Erdmami,  Ann.  d.  Pyhs.  n.  Chemie.  Vol.  CXXXVII,  p.  ]  (1869);  E. 
(ieriach,  ZeitHchr.  d.  D.  Vereins  ?..  Fi.rd.  d.  I-uft«:hitttahrt,  Ilett  a  (1886);  U.  T. 
Walter,  London,  Phil.  Trans..  Vol.  CXC.  p,  23  (1897). 

•Mr.  A.  W.  Howitt,  Nature,  July  20,  1876. 
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sails  of  a  windmill,  being  rotuted  through  2^  or  3°  in   the  direction 
of  a  light-handed  screw  about  the  lines  B  A,  B  C,  a»  axes.    Thi; 


deviation  from  the  plane  ia  subsequently  referred  to  as  the  "  twirt. 

and  the  peculiarity  that,  as  seen  in  the  cross  section  of  Bg.  "^^  oat 

face  is  more  rounded  than  the  other,  is  called  the  '^roundin^." 

Boomeran^B  of  the  sec- 
ond type  (ti^.  3)  are  about 
TOcm.longand  7cm.  wide, 
and  have  a  cross  section 
similar  to  that  of  ^-  ^■ 
The  "twist"  ia  in  the  op- 
posite direction,  involving 
a  left-handed    rotation  of 

about  3".     The  axes  of  rotation  are  now  D  E,  F  E  instead  of  E  D.  E ''  ■ 

RETU RHINO    FLIGHTS. 

An  implement  of  the  firsnt  type  is  held  with  the  more  rounded  side  to 
the  left  and  the  concave  edge  forward.    It  is  thrown,  with  plane  vertical, 
in  a  horizontal  dii-ection,  and  us  much  i-otation  as  possible  is  given  to  it 
The  plane  of  rotation  does  not  remain 
parallel  to  its  original  direction,  but  has 
an  angular  velocity  (1)  about  the  direc- 
tion of  translation,  and  (2)  about  a  line 
in  its  plane  perpendicular  to  this. 

The  effect  of  {'i)  is  that  the  path  curls 
to  the  left,  while  owing  to  (1)  the  plane 
of  rotation  inclines  over  to  the  right 
(i.  e.,  rotates  in  the  direction  of  the 
hands  of  a  clock  facing  the  thrower),  and 
its  inclination  to  the  vertical  becomes 

comparable  with  30^  in  two  seconds.  The  angular  velocity  (2)  w'" 
now  imply  that  the  path  bends  upward  as  well  as  horizontally  rou"'' 
to  the  left. 

When  the  boomerang  has  described  a  nearly  complete  circle  itsp** 
has  diminished,  and  it  falls  to  the  ground  near  the  thrower.  (Sm 
figs.  4, 5,  in  which  projections  on  a  horizontal  and  on  a  vertiokl  plapeU* 
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given.     The  direction  of  the  axt8  of  rotation  is  indivatod  by  giving  the 
projections  of  a  line  of  constant  length  measured  ulong  it.     The  »ca1e 
of  tbe^e  diagrams  is  about  1 :  1000.) 
The  angular   velocity   (1)   is   in- 
creased by  an  increatie  of  twist  and  by 
an  increase  of  rounding;  it  also  in- 
creases when  f09  &  increases,  where  i*  j^^  5  _EieT«aon  through  c  a  '^ 
is  the  inclination  of  the  plane  of  rota- 
tion to  the  horizontal.     The  curling  to  the  left  (2)  is  increased  by  an 
increaseof  twist,  orof  eos^,  and,  ingeneral.  by  an  increase  of  rounding. 


Fio.  T.— EleTBtinn  through  ('.  E. 

If  it  be  desired  that  the  boomerang  should  dest-ribe  a  second  cin-le 
in  front  of  the  thrower  (figs.  6,  7),  it  must  be  thrown  much  harder,  so 
that  when  one  circle  has  been  described 
it  may  still  have  sufficient  forward 
velocity.  When  the  projectile  has 
described  the  first  circle  and  is  over 
the  thrower's  head,  the  axis  of  rotation 
must  point  in  an  upward  direction  in 
frontof  him;  if  it  pointed  behind  him 
the  sulisequent  path  would  be  behind 
his  back,  and  a  iigure  of  S  (figs.  S,  t*) 
would  become  possible.  For  a  path 
with  a  second   loop  in  front  of  the 

thrower  he  should  accordingly  choose  a  boomerang  with  much  twist 

and  much  rounding,  and  throw  it  with  his  body  leaning  over  to  the 

left,  so  that  the  angle  ff 

between  the  axis  of  rota- 
tion and  the  vertical  may 

be  slightly  in  excess  of  a 

rigbt  angle.   The  increased 

twist  will   mean  that  the 

first  circle   has   a  smaller 

circumference     and     that 

there   will   be   more   pace 

left  aft«r  it  has  been  described,  and  the  increased  rounding  will  keep  . 

the  plane  of  rotation  from  becoming  horizontal  too  soon.  \'^ 


BOOMERANGS. 


For  a  figure  of  8  we  should  require  less  rounding',  or  we  might 
give  more  spin  in  throwing,  and  aim  a  little  uphill,  ivith  0  rather  le» 


Fia.  10.— nan. 


Pio.  11.— Elentlon  tbmugb  O  F. 


than  a  right  angle.     There  are  so  many  elements  capable  of  varistioa 
that  nothing  but  experience  can  teach  how  to  get  the  l>est  results  with 
any  particular  boomerang. 

The  most  complex  path  that  the  author  has  succeeded 
in  effecting  is  that  of  figs.  10  and  11.     But  it   is  certain 
that  these  fall  far  short  of  what  is  done  by  skillful  natives    i 
of  Australia.  ' 

If  the  angle  between  the  arms  is  increased  and  the 
twist  and  rounding  unaltered,  the  angular  vclocitv  (l)is 
increased,  and  it  becomes  easier  to  make  a  second  loop 
behind  than  in  front.  If  the  angle  exceeds  150°  tbe  angu- 
lar velocity  of  the  tirat  kind  is  so  large  that  it  is  very 
bard  to  get  a  return  at  all. 
iio.  li— Plan.  When  the  twist  is  left-handed  and  the  angle  large  we 
have  a  specimen  of  the  second  type  (fig.  3),  and  it  must  be 
thrown  with  the  more  rounded  side  uppermost  and  the  plane  of  rota- 
tion inclined  at  between  30*=  and  &0°  to  the  hi 
the  angle  of  projection  (i.  e,,  inclina- 
tion to  the  horizon  of  the  initial  veloc- 
ity of  translation)  must  be  comparable 
with  45'-'. 

The  uphill  path  is  nearly  straight 
until  the  forward  velocity  becomes 
small;  the  projectile  then  returns  along 
a  track  close  to  that  of  the  ascent  (figs. 
12  and  13). 

NONRETURNING    FLIGHTS. 

Fra.  13.— ElevBtloa  throogh  A  C. 

A   good  boomerang  of  the   second 
type  will  travel  an  immense  distance  in  a  nearly  straight  line  if  prop- 
erly thrown.     The  motion  should  resemble  that  of  an  aeroplane  or 
flying  machine;  the  plane  of  rotation  must  remain  nearly  horizontal, 


.ntal(i.e.,30°<(?<60''); 
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though  slightly  uphill,  and  the  tmiectory  must  be  flat.     Thei't)!^^ 

thu«  be  an  upward  pressure  of  air  on  the  under  surface  of  tlu)[inip|^ 

ment,  and  the  fori-e  of  gravity  will  be  counteracted  as  long  as^tbpq^it^ 

^:iufli(^ient  forward  velot^ity.     The  boomerang  is  thrown  veryid|ij$^tly 

uphill,  the  angle  of  projection  not  lieing  greater  than  12^;  theirotiQ^ed 

aide  is  uppermost  and  i^  is  initially  30^.     The  plane  of  rotatitNfi,^30|i 

appears  to  the  thrower  to  become  approximately  horizontal ,,[iiwti:it 

remains  so  during  the  flight;  the  projectile  rises  to  a  heightoji^ttiM^ 

12  meters  from  the  ground  and  travels  in  a  nearly  straight  pa£biuejtij 

its  forward  velocity  is  almost  exhausted;  it  then  strikes  the  eiuttUiatjli 

distance  of  about  130  meters  from  the  thrower.  ,.     nil  o) 

It  will  bo  seen  that  the  angular  velocity(I)  is  at  tirst  small  ai^ippsi- 

tive,  and  that  it  subsequently  disappeai-s;  the  angular  velocjijtiC^'JP 

Kmall  throughout.     These  results  are  due  to  the  left-handed  ttwJFjtja#d 

the  rounding.  >,   jrj!  vif 

Considerable  accui-acy,  both  in  making  and  in  throwing,  is  sCoo^f&Tiy 

if  the  best  results  are  to  be  obtained.     If  the  plane  of  rotation  (^p^ 

downward  to  one  side,  the  boomerang  will  .slide  down  in  the,ivw)lja^ 

plane  of  rotation;  thus  the  path  will  be  bent  and  materially  shoivteD#4» 

The  correct  relation  has  to  be  found  between  the  twist,  the  roun^ihg^ 

the  angle  between  the  arms  of  the  iKwnicrang,  the  densi^yi^'^f  i^ 

material,  and  the  amounts  and  directions  of  its  initial  linear  antiiA»4^Mr 

lar  velocities.     An  illustration  of  this  is  afforded  by  the  first  ^^p^cMHAfi 

of  this  type  that  1  have  made;  it  travels  farther  against  the  win^lthftp 

with  it.     In  the  former  case  the  boomerang  keeps  quite  low,  scarcely 

rising  higher  than  6  meters,  and  being^  retarded  very  little  by  f  ricttonal 

resistance,  travels  about  125  metei-s;  in  the  latter  case  the  bod^iE^lids 

its  enei^y  in  running  uphill  to  a  height  of  about  15  meters,, and:tfftl^ 

to  the  ground  at  a  distance  of  about  itO  metei^s.  uiimi  -nil 

It  is  rather  difficult  to  give  sufficient  -spin  to  keep  the  motjpnietiaJsjIe 

through  a  long  flight,  and  I  have  found  it  advantageous  to  win(|LtP*nd 

the  wood  about  60  grams  weight  of  copper  wire  in  three  eqfAJ:,/)H>]^ 

tions,  of  which  one  is  in  the  middle  and  one  near  eai^h  end"lliCbtt< 

materially  increases  the  moment  of  inertia  about  the  center  ofigtmi'ity 

without  interfering  seriously  with  other  details.     I   have   thfOfWiTia 

loaded  boomerang  of  this  type  167  meters,  and  my  range  with  Ia|)*f4i4li- 

ical  ball  of  half  the  weight  is  only  63  meters.  ./  ij  Ixn; 

mode  of  manufacture.  ''  '  """" 

imimI  .„I) 
A  block  of  straight- grained  ash  about  90  cm.  long,  7  cm.  (od^^.ffn.) 
thick,  and  of  width  not  less  than  7  cm.,  is  taken.  The  block, ^i  )t9if|^^ 
in  steam,  bent  to  the  requisite  shape  and  held  in  this  shape  }iffH]^^l 
and  dty.  It  is  then  sawn  into  strips  1.3  cm.  thick.  After, ^ji)%',i^ 
time  has  elapsed  for  the  wood  to  be  seasoned,  each  strip  is  trinin>e4n^ 
a  boomerang,  the  most  useful  tool  in  general  being  a  spokesfiaivevuM 
is  very  important  that  the  outer  edge,  at  any  rate  in  the  neighborhood 
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of  the  Iwnd,  should  follow  the  gi-ain  of  the  wood.  When  the  projw-- 
tile  falls  hard  upon  one  end  the  stress  near  the  center  is  very  isev(>re. 
and  any  point  at  which  the  direction  of  the  grain  meets  the  eonrci 
edgeobliquely  im  likely  to  develop  a  split  and  ultimately  a  breakage. 

It  ia  better  to  cut  the  material  to  its  tinal  twisted  shape  rather  than 
to  impart  the  twist  by  another  steaming  and  bending.  ConsideraMe 
care  ia  required  in  the  process,  for  the  removal  of  a  layer  of  wood  a 
millimeter  thick  in  such  a  way  as  to  inci'eatte  or  diminish  the  t^ist  will 
cause  a  marked  difference  in  the  flight.  It  will  be  found  to  facilitate 
throwing  to  cut  that  end  of  the  boomerang  which  is  held  in  the  hand 
to  the  somewhat  squai'e  form  shown  at  the  right  band  of  figs.  1  and  3. 

There  is  some  difficulty  in  avoiding  warping,  for  boomerang  are 
less  likely  to  get  broken  if  thrown  when  the  ground  is  damp  and  soft. 
and  under  these  circumstances  the  moisture  is  likely  to  be  absorbed 
by  the  wood.  It  is  of  great  advantage,  therefore,  to  make  the  surface 
of  the  implements  very  smooth  with  fine  glass  paper  and  to  saturate 
them  with  linseed  oil.  The  additional  density  thereby  produt-ed  is 
also  of  service  in  that  it  diminishes  the  effect  of  the  frictional  resist- 
ance of  the  air. 

I  have  used  artificially  bent  oak  as  a  material,  but  have  not  found  it 
as  heavy  or  as  strong  as  ash.  Oak  branches  that  are  naturally  bent 
are  not  bard  to  procure,  but  boomerangs  made  from  them  are  liable 
to  bi-eak  at  places  where  there  are  knots  or  irregularities  in  the  ^raio 
of  the  wood. 

EVOLUTION. 

Boomerangs  of  every  variety  of  shape  are  still  to  be  found  in  Aus- 
tralia, and  it  appears  impossible  to  get  direct  historical  evidence  as  to 
the  nature  of  the  successive  stages  of  development.  But  if  specula- 
tion be  allowed,  the  following  series  may  be  suggested: 

First,  we  should  have  a  clumsy  kind  of  wooden  sword,  curved,  but 
without  rounding  or  twist,  and  with  one  end  i-oughened  to  form  a 
handle;  when  the  intended  victim  was  out  of  reach  it  would  be  natural 
to  thi'ow  the  weapon,  and  at  short  ranges  it  would  be  extremely 
effective.  Bad  workmanship  would  involve  the  frequent  production 
of  implements  of  which  one  side  was  more  rounded  than  the  other, 
and  it  would  soon  be  found  that  these  missiles,  when  thrown  with  the 
rounded  side  uppermost,  traveled  much  farther  and  straighter  than 
the  former. 

Boomerangs  of  this  character  vary  in  length  from  50  to  110  cm., 
and  in  weight  from  200  to  1,250  grams.  They  are,  for  the  mostpait, 
twisted  in  a  manner  that  seems  quite  fortuitous,  and  form  the  enor- 
mous majority  of  the  present  native  implements.  Light  specimens 
with  a  slight  left-handed  twi.st  may  have  a  fairly  straight  trajec- 
tory of  lOU  meters,  and  may  return  if  aimed  much  uphill,  especially 
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-when  thrown  agninst  a  wind.  Those  which  are  bent  through  s  large 
enough  angle  and  happen  to  be  twisted  (either  by  carelessness  in 
manufacture  or  bv  -subsequent  warping*)  after  the  manner  of  a  right- 
handed  screw  are  i-eturning  boomerangs  of  the  first  type.  In  many 
of  these  the  twist  is  so  large  uk  to  lie  conspicuous,  and  when  once  the 
connection  between  the  form  and  the  return  flijfht  has  been  noticed, 
the  process  of  development  is  complete, 

"  This  may  be  illustrated  by  the  tact  that  when  the  author  first  made  boomerangs 
he  was  only  aware  of  the  need  tor  rounding;  but  the  first  two  specimens  that  he  con- 
structed happened  to  have  right-handed  twist  and  returned  admirably. 
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THE  POSSIBLE  IMPROVEMENT  OF  THE  HITMAN  BREED 
UNDER  THE  EXISTING  CONDITIONS  OF  LAW  AND 
SENTIMENT' 


By  FuANCifl  Galton,  D.  C.  L.,  D.  Sc.,  F.  R.  S., 
London. 


In  fulfilling  the  honorable  charge  that  has  been  intrusted  to  me  of 
delivering  the  Huxley  lecture,  I  shall  endeavor  to  carry  out  what  I 
understand  to  have  been  the  wish  of  its  founders,  namely,  to  treat 
broadly  some  new  topic  belonging  to  a  class  in  which  Huxlej'  himself 
would  have  felt  a  keen  interest,  rather  than  to  expatiate  on  his  charactei 
and  the  work  of  his  noble  life. 

That  which  I  have  selected  for  to-night  is  one  which  has  occupied 
my  thoughts  for  many  years,  and  to  which  a  large  part  of  my  pub- 
lished inquiries  have  borne  a  direct  though  silent  reference.  Indeed, 
the  remarks  I  am  about  to  make  would  serve  as  an  additional  chapter 
to  my  books  on  Hereditary  Genius  and  on  Natural  Inheritance.  My 
subject  will  be  "The  possible  impi-ovementof  the  human  race  under  the 
existing  condition;^  of  law  and  sentiment.'^  It  has  not  hitherto  been 
approached  along  the  ways  that  recent  knowledge  lias  laid  open,  and 
it  occupies  in  consequence  a  less  dignified  position  in  scientific  estima- 
tion than  it  might.  It  is  smiled  at  as  most  desirable  in  itself  and  pos- 
sibly worthy  of  academic  discussion,  but  absolutely  out  of  the  question 
as  a  practical  problem.  My  aim  in  this  lecture  is  to  show  cause  for  a 
different  opinion.  Indeed,  I  hope  to  induce  anthropologists  to  regard 
human  improvement  as  a  subject  that  should  be  kept  openly  and 
squarely  in  view,  not  only  on  account  of  its  transcendent  importance, 
but  also  because  it  affords  excellent  but  neglected  fields  for  investiga- 
tion. I  shall  show  that  our  knowledge  is  already  sufficient  to  justify 
the  pursuit  of  this,  perhaps  the  grandest  of  ail  objects,  but  that  we 
know  less  of  the  conditions  upon  which  success  depends  than  we  might 
and  ought  to  ascertain.  The  limits  of  our  knowledge  and  of  our 
ignoram-e  will  Iwcome  clearer  as  we  proceed. 

^  (if  ihe  Anlhropn1(>ei''Hl  Institute  iif  Great  Britain  and 
1901.     Prinle.1  in  Nature.  November  1,  l^W^ , -,, ,(. I,, 
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HUMAN   VARierV. 

The  natural  character  and  facultifts  of  human  beings  differ  at  l€s^ 
is  widely  as  those  of  the  domesticated  animals,  such  a&  dogs  and  horecT^ 
with  whom  we  are  familiar.  In  disposition  some  are  gentle  and  good- 
tempered,  others  surly  and  vicious;  some  are  court^eous.  otbei-s  timid: 
some  are  eager,  others  sluggish;  some  have  large  powers  of  endur- 
ance, others  are  quickly  fatigued;  some  are  muscular  and  powerful. 
others  are  weak;  some  are  intelligent,  others  stupid;  some  have  tena- 
cious memories  of  places  and  persons,  others  frequently  stray  and  are 
slow  at  rew^nizing.  The  number  and  variety  of  aptitudes,  especially 
in  dogs,  is  truly  remarkable;  among  the  most  notable  being  th«  tend- 
ency to  herd  sheep,  to  point,  and  to  retrieve.  Soitis  with  the  various 
natural  qualities  that  go  toward  the  making  of  civic  worth  in  man. 
Whether  it  be  in  character,  disposition,  energy,  intellect,  or  physical 
power,  we  each  receive  at  our  birth  a  definite  endowment,  allegorized 
by  the  parable  related  in  bt.  Matthew,  some  receiving  many  talents. 
others  few;  but  each  person  being  responsible  for  the  profitable  une 
of  that  which  has  been  intrusted  to  him. 

DISTRIBUTION    OF  QUALITIES   IN    A    NATION. 

Experience  shows  that  while  talents  are  distributed  in  endless  differ- 
ent degrees,  the  frequency  of  those  different  degrees  follows  certain 
statistical  laws,  of  which  the  best  known  is  the  normal  law  of  frequency. 
This  is  the  result  whenever  variations  are  due  to  the  combined  action 
of  many  small  and  different  causes,  whatever  may  be  the  causes  and 
whatever  the  object  in  which   the  variations  occur,  just  rs  twice  2 
always  makes  4,  whatever  the  obje<-t.s  may  be.     It  therefore  holds  true 
with  approximate  precision  for  variables  of  totally  different  sorts,  as, 
for  instance,  stature  of  man,  errors  made  by  astronomers  in  judging 
minute  intervals  of  time,'bullet  marks  around  the  bull's-eye  in  target 
practice,  and  differences  of  marks  gained  by  candidates  at  competitive 
examinations.     There  is  no  mystery  about  the  fundamental  principles 
of  this  abstract  law;  it  rest«  on  such  simple  fundamental  conceptions 
as,  that  if  we  toss  2  pence  in  the  air  they  will,  in  the  long  run,  come 
down  one  head  and  one  tail  twice  as  often  as  both  heads  or  both  tails. 
I  will  assume,  then,  that  the  talents,  so  to  speak,  that  go  to  the  forma- 
tion of  civic  worth  arc  distributed  with  rough  approximation  acwirding 
to  this  familiar  law.     In  doing  so,  I  in  no  way  disregard  the  admirable 
work  of  Prof.   Karl   Pearson   on   the  distribution  of  qualitiea,  for 
which  he  was  adjudged  the  Darwin  medal  of  the  Koyal  Society  a  few 
years  ago.     He  has  amply  proved  that  we  must  not  blindly  trust  the 
normal  law  of  frequency;  in  fact,  that  when  variations  are  mioutely 
studied  they  rarely  full  into  that  perfect  symmetry  about  the  mean  i-fllue, 
which  is  one  of  its  consequences.     Nevertheless,  my  conscience  is  dear 
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in  using  this  law  in  the  way  I  am  about  to.  I  say  that  if  certain  quali- 
tiea  vary  normally,  such  and  such  will  be  the  resultrt;  that  these  qualities 
are  of  a  class  that  are  found,  whenever  they  have  been  tested,  to  yary 
normally  to  a  fair  degree  of  approximation,  and  consequently  we  may 
infer  that  our  results  are  trustworthy  indications  of  real  facts. 

A  talent  is  a  sum  whose  exact  value  few  of  us  care  to  know,  although 
wcall  appreciate  the  inner  sense  of  the  beautiful  parable.  I  will,  there- 
fore, venture  to  adapt  thc'phraseology  of  the  allegory  to  my  present 
purjKise  by  substituting  for  "talent"  the  words  "normal  talent."  The 
value  of  this  normal  talent  in  respect  to  each  and  any  specified  quality 
or  faculty  is  such  that  one-quarter  of  the  people  receive  for  their 
respective  shares  more  than  one  normal  talent  orer  andahw^e  the  aver- 
age of  all  the  shares.  Our  normal  talent  is  therefore  identical  with 
what  is  technically  known  as  the  "probable  error."  Therefrom  the 
whole  of  the  following  table  starts  into  life,  evolved  from  that  of  the 
'''' pr<>bahHity  Integral." 

Tablk  ]. — Normal  ditlribiition  {to  the  nearat  per  ten  thoumnd  and  to  Ike  ntarat  per 
hundrfd). 


]-     -... 

.» 

-2=. 

-1".    M."  41=. 

+2=. 

+»°. 

+*=:" . 

Tot.1. 

1  h^l'w,  '      "■ 

2.600 

R. 

2.  MO 

_l_i 

672 

n       1    V.nd 
"■     1   ■bove. 

'nr" 

10,  MO 

It  expresses  the  distribution  of  any  normal  quality,  or  any  group 
of  normal  qualities,  among  10,000  persons  in  termsof  the  normal  tal- 
ent. The  M  in  the  upper  line  occupies  the  position  of  mediocrity,  or 
that  of  the  average  of  what  all  have  received;  the  +1°,  -\-2'^,  ete.,  and 
the  — I*^,  —2",  etc.,  refer  to  normal  talents.  These  numerals  stand  as 
graduations  at  the  heads  of  the  vertical  lines  by  which  the  table  is 
divided.  The  entries  between  the  divisions  are  the  numbers  per 
10,000  of  those  who  receive  sums  between  the  amounts  specified  by 
those  divisions.  Thus,  by  the  hypothesis,  2,500  receive  more  than 
M  but  less  than  M+1%  1,*>13  receive  more  than'M+1'^  but  less  than 
M-|-2^,  ami  so  on.  The  terminals  have  only  an  inner  limit;  thus,  35 
receive  more  than  4^,  some  to  perhaps  a  very  large  but  indefinite 
amount.  The  divisions  might  have  been  carried  much  further,  but  the 
numbers  in  the  classes  between  them  would  become  less  and  less  trust- 
worthy. The  left  half  of  the  series  exactly  reflects  the  right  half. 
As  it  will  be  useful  henceforth  to  distinguish  these  classes,  I  have  used 
fhecapital  or  large  letters,  R,  S,  T,  U,  V,  for  those  above  mediocrity 
and  corresponding  italic  or  small  letters,  r,  s.  t,  u,  v,  for  those  below 
mediocrity,  r  being  the  counterpart  of  E,  «  of  S,  and  bo  od. 
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In  the  lowest  lines  the  same  values  are  given,  but  more  roughly,  to 
the  nearest  whole  percentage. 

It  will  assist  in  comprehending  the  values  of  different  gi'ades  of 
civic  worth  to  compare  them  with  the  corresponding  gradei^  of  adult 
male  stature  in  our  nation.  I  will  take  the  figures  from  my  Natural 
Inheritance,  premising  that  the  distribution  of  stature  in  various  peo- 
ples has  been  well  investigated  and  shown  to  be  closely  normal.  The 
average  height  of  the  adult  males,  to  whotn  my  figures  refer,  was 
nearly  5  feet  H  inches,  and  the  value  of  their  "normal  talent"  (which 
is  a  measure  of  the  spread  of  distiibution)  was  very  nearly  Ij  inches. 
From  these  data  it  is  easily  reckoned  that  class  U  would  contain  men 
whose  heights  exceed  C  feet  li  inches.  Even  they  are  (all  enough  to 
overlook  a  hatless  mob,  while  the  higher  classes,  such  as  V,  W,  and  X, 
tower  above  it  in  an  increasingly  marked  degree.  So  the  civic  worth 
(however  that  term  may  be  delined)  of  U-cla^s  men,  and  still  more  of 
V-clasa,  are  notably  superior  to  the  crowd,  though  they  are  far  below 
the  heroic  order.  The  rarity  of  a  V-class  man  in  each  specified  quality 
or  group  of  qualities  is  as  35  in  10,000,  or,  say,  for  the  convenience  of 
using  round  nuuibei's,  as  1  to  300.  A  man  of  the  W  ckiss  is  ten  times 
rarer,  and  of  the  X  clas.^*  rarer  still;  but  I  shall  avoid  giving  any  more 
exact  definition  of  X  than  as  a  value  considerably  rarer  than  V.  This 
gives  a  general  but  just  idea  of  the  distribution  throughout  a  popula- 
tion of  each  and  every  quality  taken  separately  so  far  as  it  is  normally 
distributed.  As  already  mentioned,  it  does  the  same  for  any  group  of 
normal  qualities;  thus,  if  marks  for  classics  and  for  mathematics  were 
severally  normal  in  their  distribution,  the  combined  marks  gained  by 
each  candidate  in  both  those  subjects  would  bo  distributed  normally 
also,  this  l)eing  one  of  the  many  interesting  pix)perties  of  the  law  of 
frequency. 

COMPARISON  OP  THE  NORMAL  CLASSES  WITH  THOSE  OF  MB.  BOOTH. 

Let  us  now  compare  the  normal  classes  with  those  into  which  Mr. 
Charles  Booth  has  divided  the  population  of  all  London,  in  a  way  that 
corresponds  not  unfairly  with  the  ordinary  conception  of  grades  of 
civic  worth.  He  reckons  them  from  the  lowest  upward,  and  gives  the 
numbers  in  each  class  for  East  London.  Afterwards  he  treats  all  Lon- 
don in  a  similar  manner,  except  that  sometimes  he  combines,  two  classes 
into  one  and  gives  the  joint  result.  For  my  present  purpose  I  had  to 
couple  them  .somewhat  differently,  first  disentangling  them  as  1  best 
could.  There  wemed  no  l>etter  way  of  doing  this  than  by  assigning  to 
the  members  of  each  couplet  the  same  proportions  that  they  had  in 
East  London.  Though  this  was  certainly  not  accurate,  it  is  probably 
not  far  wrong.  Mr.  Booth  has  taken  unheard-of  pains  in  this  great 
work  of  his  to  arrive  at  accurate  results,  but  he  emphatically  says  that 
bis  classes  can  not  be  separated  sharply  from  one  another.    (Ouiiietl  . 
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contrary,  their  frontiers  blend,  and  this  justifies  me  in  taking  slight 
libertieH  with  his  figures.  His  (;Iilss  A  consists  of  oritninalx,  semi- 
criminals,  loafers,  and  some  others,  who  are  in  number  at  the  rate  of  1 
per  cent  in  all  London— that  is,  UK)  per  10.000,  or  nearly  three  times 
as  many  as  the  v  class;  they  therefore  include  the  whole  of  the  ^^  and 
spread  upward  into  the  «.  His  clasH  B  consists  of  vejy  poor  |>er8on8 
who  subsist  on  caj^ual  earnings,  many  of  whom  are  inevitably  poor  from 
shiftlessneas,  idleness,  or  drink.  The  numliers  in  this  and  the  A  class 
combined  closely  correspond  with  those  in  t  and  all  l>elow  t. 

Class  C  are  supported  by  intermittent  earnings;  they  are  a  hard- 
working people,  hut  have  a  very  bad  character  for  improvidence  and 
shiftlessness.  In  class  D  the  earnings  are  regular,  but  at  the  low 
rate  of  21  shillings  or  less  a  week,  so  none  of  them  rise  above  pov- 
ertj',  though  none  arc  very  po<»r.  D  -and  C  togethei-  correspond  to 
the  whole  of  h  combined  with  the  lower  fifth  of  r.  The  next  class,  E, 
is  the  largest  of  any,  and  comprises  all  those  with  regular  standard 
earnings  of  22  to  30  shillings  a  week.  This  cias.s  is  the  re<rognized 
field  for  all  forms  of  cooperation  and  combination;  in  short,  for 
trades  unions.  It  ooiTesponds  to  the  upper  four-fifths  of  r  and 
the  lower  four-fifths  of  R.  It  is,  therefore,  essentiallj'  the  mediocre 
class,  standing  as  far  below  the  highest  in  civic  worth  as  it  standi 
above  the  lowest  class  with  its  criminals  and  semicriminals.  Next 
above  this  large  mass  of  mediocrity  comes  the  honorable  class  ^ 
which  consists  of  better-paid  artisans  and  foremen.  These  are  able  to 
provide  adequately  for  old  age,  and  their  sons  become  clerks,  ete. 
G  is  the  lower  middle  class  of  shopkeepers,  small  employers,  clerks, 
and  subordinate  professional  men,  who  as  a  rule  are  hard-working, 
energetic,  and  sober.  F  and  G  combined  correspond  to  the  upper  fifth 
of  R  and  the  whole  of  S,  and  are,  therefore,  a  counterpart  to  D  and  C. 
All  above  G  are  put  together  by  Mr,  Booth  into  one  class.  H,  which 
corresponds  to  our  T,  U,  V,  and  above,  and  is  the  counterpart  of  his 
two  lowermost  classes,  A  and  11.  So  far,  then,  as  these  figures  go, 
civic  worth  is  distributed  in  fair  approximation  to  the  normal  law  of 
frequency.  We  also  see  that  the  cla,sses  t,  m,  v,  and  below  are  un- 
desirables. 

WORTH  OF  CHILDREN. 

The  brains  of  the  nation  lie  in  the  higher  of  our  classes.  If  such 
people  as  would  be  classed  W  or  X  could  be  distinguishable  as  children 
and  procurable  l)y  money  in  order  to  be  reared  as  Englishmen,  it  would 
Iw  a  cheap  bargain  for  the  nation  to  buy  them  at  the  mte  of  many  hun- 
dred or  some  thousands  of  ]>ounds  per  head.  Dr.  Farr,  the  eminent 
Niatistician,  endeavored  to  estimati*  the  money  worth  of  an  average 
baby  born  to  the  wife  of  an  Essex  laborer  and  thenceforward  living 
during  the  usual  time  and  in  the  ordinary  way  of  his  class.     Dr.Farr, , 
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with  accomplished  actuarial  8kill,  capitalized  the  value  at  the  child's 
biith  of  two  classes  of  events,  the  one  the  cost  of  maintenance  while  a 
child  and  when  helpless  through  old  age.  the  other  its  earnings  as  boy 
and  man.  On  balancing  the  two  side^  of  the  account  the  value  of .  the 
baby  was  found  to  be  £5.  On  a  aimilar  principle,  the  worth  of  an 
X-class  baby  would  be  reckoned  in  thousands  of  pounds.  Some  such 
"talented"  folk  fail,  but  most  succeed,  and  many  succeed  greatly.  They 
found  great  industries,  establish  va^t  undertakings,  increase  the  wealth 
of  multitudes,  and  amass  large  fortunes  for  themselves.  Others, 
whether  they  be  rich  or  poor,  are  the  guide-s  and  light  of  the  nation, 
raising  its  tone,  enlightening  its  difficulties,  and  imposing  its  ideals. 
ITie  great  gain  that  England  received  through  the  immigration  of  the 
Huguenots  would  be  insignificant  to  what  .the  would  derive  from  an 
annual  addition  of  a  few  hundred  childj-en  of  the  claases  W  and  X, 
i  have  tried,  but  not  yet  succeeded  to  my  satisfaction,  to  make  an 
approximate  estimate  of  the  worth  of  a  child  at  birth  according  to  the 
class  he  is  destined  to  occupy  when  adult.  It  is  an  eminently  important 
subject  for  future  investigators,  for  the  amount  of  care  and  cost  that 
might  profitably  be  expended  in  improving  the  race  clearly  depends 
on  its  result. 

DESCENT   OF   QDALIT1E8    IN    A   POPULATION. 

Let  us  now  endeavor  to  obtain  a  correct  understanding  of  the  way 
in  which  the  varying  qualities  of  each  generation  are  derived  from 
those  of  its  predecessor.  How  many,  for  example,  of  the  V  class  in 
the  offspring  come  respectively  from  the  V,  U,  T,  S,  and  other  classes 
of  parentage*  The  means  of  calculating  this  question  for  a  normal 
population  are  given  fully  in  my  Natuml  Inheritance.  Thei-e  are  three 
main  sen.ses  in  which  the  word  pai-entt^  might  be  used.  They  differ 
widely,  no  the  calculations  must  be  modified  accordingly.  (1)  The 
amount  of  the  quality  or  faculty  in  question  may  be  known  in  each 
parent.  (2)  It  may  he  known  in  only  one  parent.  (3)  The  two  parents 
may  belong  to  the  same  class,  a  V-class  father  in  the  s(»le  of  male 
classification  always  marrying  a  V-class  mother,  occupying  identically 
the  same  position  in  the  scale  of  female  classification. 

I  select  this  last  case  to  work  out  as  being  the  one  with  which  we 
shall  here  be  chiefly  concerned.  It  has  the  further  merit  of  escaping 
some  tedious  preliminary  details  about  converting  female  faculties  into 
their  cori-esponding  male  equivalents,  before  men  and  women  can  be 
treated  statistically  on  equal  terms.  I  shall  assume  in  what  follows 
that  we  are  dealing  with  an  ideal  population,  in  which  all  marriages 
are  equally  fertile,  and  which  is  statistically  tbe  same  in  successive 
generations,  both  in  numbers  and  in  qualities,  so  many  per  cent  being 
always  this,  so  many  always  that,  and  so  on.  Further,  1  shall  take  no 
notice  of  offspring  who  die  before  they  reach  the  age  of  marriage,  nor 
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Hbalt  I  regard  the  slight  numerical  inequality  of  the  sexes,  but  will 
itiaiply  suppose  that  each  parentage  produceti  one  couplet  of  grown-up 
Glials,  an  adult  man  and  an  adult  woman. 

The  result  is  shown  to  the  nearest  whole  per  thousand  in  the  diagram 
up  to  "  U  and  above."  It  may  be  read  either  as  applying  to  fathers  and 
their  sons  when  adult,  or  to  mothers  and  their  daughters  when  adult, 
or,  again,  to  parentages  and  filial  couplets.  1  will  not  now  attempt  to 
explain  the  details  of  the  calculation  to  those  to  whom  these  metiiods 
are  new.    Those  who  are  familiar  with  them  will  ea.sily  understand  the 
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exact  process  from  what  follows.  There  are  three  points  of  reference  in 
a  scheme  of  descent,  which  may  be  respectively  named  "  mid -parental," 
"genetic,"  and  "filial"  centers.  In  the  present  case  of  both  parents 
beingalike,  the  position  of  the  mid-parental  center  is  identical  with  that 
of  either  parent  separately.  The  position  of  the  filial  center  is  that  from 
which  the  children  disperse.  The  geneticcenteroccupics  the  same  posi- 
tion in  the  parental  series  that  the  filial  center  does  in  the  filial  series. 
Natural  Inheritance  contains  abundant  proof,  both  observational  and, 
8H  1901 34  "^  ^  8  ^ 
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theoretical,  that  the  genetic  center  is  not  and  can  not  be  identical  Tvith 
the  parental  center,  but  is  always  more  mediocre,  owing  to  the  combi- 
nation of   ancestral  influences^ — which  are  genei-allj  mediocre — with 
the  purely  parental  ones.     It  also  shows  that  the  regression  from  the 
parental  to  the  genetic  center,  in  the  case  of  stature  at  least,  ivould 
amount  to  two-thirds  under  the  conditions  we  are  now  supposing.     The 
regression  is  indicated  in  the  diagram  by  converging  lines  which  are 
directed  toward  the  same  point  below,  but  are  stopped  at  one-third  of 
the  distance  on  the  way  to  it.     The  contents  of  each  parental  class  are 
supposed  to  be  concentrated  at  the  foot  of  the  median  axis  of  that 
class,  this  I>eing  the  vertical  line  that  divides  its  contents,  into  equal 
parts.     Its  position  is,  approximately,  but  not  exactly,  halfway  be- 
tween the  divisions  that  bound  it,  and  is  as  easily  calculated  for  the 
extreme  classes,  which   have  no  outer  terminals,  as  for  any  of  the 
others.     These  median  points  are  respectively  taken  to  be  the  po^itioas 
of  the  parental  centers  of  the  whole  of  each  of  the  classes;  therefore 
the  positions  attained  by  the  converging  lines  that  proceed  from  them 
at  the  i)oints  where  they  are  stopped  represent  the  genetic  centers. 
From  these  the  iilials  disperse  to  the  right  and  leftwitha  "spread ''that 
can  be  shown  to  be  three-quarters  that  of  the  parentages.     Calculation 
easily  determines  the  number  of  the  tilials  that  fall  into  the  class  in  which 
the  filial  center  is  situated  and  of  those  that  spread  into  the  classes  on 
each  side.     When  the  parental  contributions  from  all  the  classes  to 
each  filial  class  are  added  together  they  will  express  the  distribution  of 
the  quality  among  the  whole  of  the  offspring.     Now  it  will  be  observed 
in  the  table  that  the  numbers  in  the  classes  of  the  offspring  are  identical 
with  those  of  the  parents,  when  they  are  reckoned  to  the  nearest  whole 
parentage,  as  should  be  the  case  according  to  the  hy)x>thesis.     Had 
the  classes  been  narrower  and  more  numerous,  and  if  the  calculations 
had  been  carried  on  to  two  more  places  of  decimals,  the  corresiwndence 
would  havcl>opn  identiral  to  the  nearest  ten  thousandth.     It  was  unnec- 
essary to  take  the  trouble  of  doing  this,  as  the  table  affords  a  sufficient 
tusis  for  what  I  am  about  to  say.     Though  it  does  not  profess  to  be. 
moit;  than  approximately  true  in  detail,  it  is  certainly  trustworthy  in 
its  general  form,  including  as  it  does  the  effects  of  i-egression,  filial 
dispei'sion,  and  the  eipiation  that  connects  a  parental  generation  with 
a  filial  one  when  they  are  statistically  alike.     Minor  corrections  will 
be  hereafter  rcfiuired,  and  can  be  applied  when  we  have  a  better  knowl- 
edge of  the  material.     In  the  meantime  it  will  serve  as  a  standard  table 
of  descent  from  each  genemtion  of  a  people  to  its  successor. 

F.rOXOMY  OF    EKhX)UT. 

I  shall  now  use  the  table  to  show  the  economy  of  concentrating  our 
attention  upon  the  highest  classes.  We  will  therefore  trace  the  origin 
of  the  V  class,  which  is  the  highest  in  the  table.     Of  its  34  or  35  sobs 
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6  come  from  V  parentages,  10  from  U,  10  from  T,  5  from  S,  3  from  E, 
and  none  from  any  class  below  R;  but  the  numbers  of  the  contributing 
patentees  have  also  to  be  taken  into  account.  When  this  is  done,  we 
-see  that  the  lower  classes  make  their  scores  owing  to  their  quantity 
and  not  to  their  quality,  for  while  35  V-cIass  parents  suffice  to  pro- 
duce 6  sons  of  the  V  class,  it  takes  2,500  R-class  fathers  to  produce  3 
of  them.  Consequently,  the  richness  in  produce  of  V-cIass  parentages 
id  to  that  of  the  R  class  in  an  inverse  ratio,  or  as  143  to  1.  Similarly, 
the  richness  in  produce  of  V-clasa  children  from  parentages  of  the 
classes  U.  T,  S.  respectively,  is  as  3,  11^,  and  65  to  1,  Moreover, 
nearly  one-half  of  the  produce  of  V-class  parentages  are  V  or  U  taken 
together,  and  nearly  three-quarters  of  them  are  either  V,  U,  or  T.  If, 
.  then,  we  desire  to  increase  the  output  of  V-class  offspring,  by  far  the 
most  profitable  parents  to  work  upon  would  be  those  of  the  V  class, 
and  in  a  threefold  less  degree  those  of  the  U  class. 

When  both  parents  are  of  the  V  class  the  quality  of  parentages  is 
greatly  superior  to  those  in  which  only  one  parent  is  a  V.  In  that 
case  the  regression  of  the  genetic  center  goes  twice  as  far  back  toward 
mediocrity,  and  the  spread  of  the  distribution  among  filials  becomes 
nine-tenths  of  that  among  the  parents,  instead  of  being  only  three- 
quarters.     The  effect  is  shown  in  Table  II. 

Tablb  II. — Dittribultonofsont. — (1)  One  parent  of  dam  V,  the  olber  unhiown;  (e)  both 
parenit  of  doM  V  {Jrom  Table  II,  leilk  decimal  point  and  an  0). 
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There  is  a  difference  of  fully  two  divisions  in  the  position  of  the 
genetic  center,  that  of  the  single  V  parentage  being  only  a  trifle  nearer 
mediocrity  than  that  of  the  double  T.  Hence  it  would  be  bad  economy 
to  spend  much  effort  in  furthering  marriages  with  a  high  class  on  only 
one  side. 

MABRUCB   OF   LIKE  TO  LIKE. 

In  each  class  of  society  there  is  a  strong  tendency  to  mtcrmarriage, 
which  produces  a  marked  effect  in  the  richness  of  bniin  power  of  the 
more  cultured  families.  It  produces  a  still  more  marked  effect  of 
another  kind  at  the  lowest  step  of  the  social  scale,  as  will  be  painfully 
evident  from  the  following  extracts  from  the  work  of  Mr.  C.  Booth 
(i,  38),  which  refer  to  his  class  A,  who  form,  as  has  boon  said,  the 
lowermostthirdof  our  "wand  below."  "Theirlife  is  tbelife  of  savages, 
with  vicissitudes  of  extreme  hardship  and  occusional  excess.  From 
them  come  the  battered  figures  who  slouch  through  the  streets  and 
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play  the  oeggar  or  the  bully.  They  render  no  useful  service;  they 
create  no  wealth,  more  often  they  deatroy  it.  They  degrade  whatever 
they  touch,  and  as  individuals  are  perhaps  incapable  of  improvement: 
*  *  •  but  I  do  not  mean  to  say  that  there  are  not  individuals  of 
everj'  sort  to  be  found  in  the  mass.  Those  who  are  able  to  wash  the 
mud  may  find  some  gems  in  it.  There  are  at  any  rate  many  very  pite- 
ous cases.  "Whatever  doubt  there  may  I*  as  to  the  exaet  numbers  of 
this  class,  it  iw  certain  that  they  bear  a  very  small  proportion  to  the 
rest  of  the  population,  or  even  to  class  B,  with  which  they  are  mixed 
up  and  from  which  it  is  at  times  difficult  to  separate  them.  •  *  • 
They  are  barbarians,  but  they  are  a  handful."  He  .says  further:  "It 
is  much  to  be  desired  and  to  be  hoped  that  this  class  .may  become  less 
hereditary  in  its  character;  there  appears  to  be  no  doubt  that  it  is  now 
hereditary  to  a  very  considerable  extent." 

Many  who  are  familiar  with  the  habits  of  these  people  do  not  hesi- 
tate to  say  that  it  would  be  an  economy  and  a  great  benefit  to  the 
country  if  all  habitual  criminals  were  resolutely  segregated  under 
merciful  surveillance  and  peremptorily  denied  opportunities  for  pro- 
ducing offspring.  It  would  abolish  a  source  of  suffering  and  misery  to 
a  future  generation,  and  would  cause  no  unwarrantable  hardship  in 
this. 

DIPLOMAS. 

It  will  be  remembered  that  Mr.  Booth's  classification  did  not  help 
us  beyond  classes  higher  than  S  in  civic  worth.  If  a  strong  nndwidt'lj 
felt  desire  should  arise  to  dis<;over  young  men  whose  position  wa.s  of 
the  V,  W,  or  X  order,  there  would  not  bo  much  difficulty  in  doing  >">■ 
Let  us  imagine  for  a  moment  what  might  be  done  in  any  great  uni- 
versity where  the  students  are  in  continual  competition  in  studi^i 
in  athletics,  or  in  public  meetings,  and  where  their  cliaraetcrs  are  piih- 
licly  known  to  associates  and  to  tutors.  Before  attempting  to  make  ft 
selection,  acceptable  detinitions  of  civic  worth  would  have  to  be  niad^ 
in  alternative  terms,  for  thei'c  are  many  forms  of  civic  worth.  The 
number  of  men  of  the  V,  W,  or  X  classes,  whom  the  univerHity  wW 
qualified  to  contribute  annually,  must  also  l)e  ascertained.  As  was  said, 
the  proportion  in  the  general  population  of  the  V  class  to  the  remaindc 
is  as  1  to  300,  and  that  of  the  \V  class  as  1  in  3,000.  But  students  arc 
a  somewhat  selected  iRxly,  because  the  clevei-est  youths,  in  a  schol8.Ht't' 
sense,  usually  find  their  way  to  universities.  A  considerably  nijjH 
level,  both  intellectually  and  physically,  would  lie  required  as  a  (jua''"' 
cation  for  candidature.  The  limited  number  who  had  not  been  a»W- 
roatically  weeded  away  by  this  condition  might  t>e  submitted  in  soi"^ 
appropriate  way  to  the  independent  votes  of  fellow  students  on  the 
one  hand  and  of  tutors  on  the  other,  whose  ideals  of  character  »"" 
merit  necessarily  differ.  This  ordeal  would  reduce  the  possible  w""- 
ners  to  a  very  small  number,  out  of  which  an  independent  cosaonttee 


IMPROVEMENT   OF   THE   HUMAN   BREED.  533 

nii^ht  he  trush'd  \o  make  the  ultimate  selet-tion.  They  would  be 
jfuidcd  by  personal  intPiviewM.  They  would  take  into  consideratioii 
all  favorable  points  in  the  fauiily  historicit  of  the  candidates,  giving 
appropriate  hereditary  weight  to  eat^h.  Probably  they  would  agree 
to  pass  over  unfavorable  points,  unless  they  were  notorious  and  fla- 
}r|-ant,  owing  to  the  great  difficulty  of  ascertaining  the  real  truth  about 
them.  Ample  experience  in  making  selections  has  been  acquired  even 
l>y  scientific  societies,  most  of  which  work  well,  including  perhaps  the 
awartl  of  their  oiedals,  which  the  fortunate  recipients  at  least  are 
tempted  to  considpr  judicious.  The  opportunities  for  selecting  women 
in  this  way  are  unfortunat4'ly  fewer,  owing  to  the  smaller  number  of 
female  students.  Ijetween  whom  comparisons  might  be  made  on  equal 
terms.  In  the  selection  of  women,  when  nothing  is  known  of  their 
athletic  pi-oticiency,  it  would  be  especially  nece.Hsafy  to  pass  a  high 
and  careful  medical  examination;  and  as  their  personal  qualities  do 
not  usually  admit  of  being  tested  so  thoroughly  as  those  of  men,  it 
would  be  necessary  to  laj'  all  the  more  stre.-is  on  hereditary  family 
qualities,  including  those  of  fertility  and  prepotency. 

(XlllRKLATlON      BETWEEN      PROMISE     IN     YOUTH     AND     SUBSEQUENT 
PEKFOllMANCE. 


No  serious  difficulty  seems  to  stand  in  the  way  of  clarifying  and 
giving  satisfactory  diplomas  to  youths  of  either  sex,  supposing  there 
were  a  strong  demand  for  it.  But  some  real  difficulty  does  lie  in  the 
question.  Would  such  a  classification  be  a  trustworthy  forecast  of 
qualities  in  later  lifei  The  schemeof  deseentof  qualities  may  hold  good 
between  the  parents  and  the  offspring  at  similar  ages,  but  that  is  not 
the  information  we  really  want.  It  is  the  descent  of  qualities  from 
men  to  men.  not  from  youths  to  youths.  The  accidents  that  make  or 
mar  a  career  do  not  enter  into  the  scope  of  this  difficulty.  It  resides 
entirely  in  the  fact  that  the  development  does  not  cease  at  the  time  of 
youth,  esi>t'cially  in  the  higher  natures,  but  that  faculties  and  capa- 
bilities which  were  then  latent  subsequently  unfold  and  become  promi- 
nent. Puttingaside  the  effects  of  serious  illness.  I  do  not  suppose  there 
is  any  risk  of  retrogression  in  capacity  before  old  age  comes  on.  The 
mental  powers  that  a  youth  posse.>«scs  continue  with  him  as  a  man,  but 
other  fmrulties  and  new  dispositions  may  arise  and  alter  the  balance  of 
Ills  character.  He  may  cease  to  be  efficient  in  the  way  of  which  he  gave 
promise,  and  he  may  perhaps  l>ecome  efficient  in  unexpected  directions. 

The  correlation  between  youthful  promise  and  performance  in 
mature  life  has  never  been  properly  investigated.  Its  measurement 
presents  no  greater  difficulty,  so  far  as  I  can  foresee,  than  in  other 
problems  which  have  been  sutressfully  attacked.  It  is  one  qf  those 
alluded  te  in  the  beginning  of  this  lecture  as  bearing  on  race  improve- 
ment, and  being  on  its  own  merits  suitable  for  anthropological  inouirvJ., 
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considering  the  large  familict^  of  voloniste.  and  of  those  in  many  niral 
disti-icts;  but  it  is  a  liigh  estimate.     Perhaps  the  fairest  appi-oximation 
may  be  that  these  intJueiit-es  would  (-ause  the  X  women   to  bring  into 
the  world  nn  average  of  one  adult  son  and  one  adult  daughter  in  addi- 
tion to  what  they  would  otherwise  have  produced.     The  table  of  descent 
applies  to  one  son  or  to  one  daughter  per  couple;  it  may  now  be  i-ead 
as  specifying  the  net  gain  and  showing  its  distribution.      Should  this 
estimate  Ik-  thought  too  high,  the  results  may  l)e diminished  aeoordinglv. 
It  is  no  ulmird  idea  that  outside  influences  should  hasten  the  age  of 
marrying  and  make  it  customary  for  the  l)ost  to  marry  the,  best.     A 
superficial  objection  is  sure  to  be  urged  that  the  fancies  of  young  peo- 
ple are  so  incalculable  and  so  irresistible  that  they  can  not  be  guided. 
No  doubt  they  are  so  in  some  exceptional  ca,ses.     1  lately  heard  from  s 
lady  who  belonged  to  a  county  family  of  position  that  a  great  aunt  of 
hers  had  .■scandalized  her  own  domestic  cirole  two  genei*ationK  ago  hf 
falling  in  love  with  the  undcrtakerather  father's  funeral  and  insisting 
on  marrying  him.     Strange  vagaries  occur.  ))ut  con.siderations  of  social 
position  and  of  fortune,  with  frequent  opportunities  of  intercourse, 
tell  much  moi-e  in  the  long  run  than  sudden  fancies  that  want  roots. 
In  a  community  deeply  impressed  with  the  desire  of  encouraging  mar- 
riages between  pei-sons  of  equally  high  ability  the   social   pressure 
directed  to  produce  the  desired  end  would  l>e  so  great  as  to  insure  a 
notable  amount  of  success. 

PROFIT   AN1>  1^88. 

The  problem  to  be  solved  now  assumes  a  clear  shape.  A  child  of 
the  X  class  (whatever  X  signtties)  would  have  been  worth  so  and  so 
at  its  birth,  and  one  of  each  of  the  other  grades,  respectively,  would 
have  been  worth  .so  and  so;  100  X  parenti^es  can  be  made  to  produce 
a  net  gain  of  100  adult  sons  and  100  adult  daughters  who  wiil  be  fl"* 
ributed  among  the  classes  according  to  the  standard  table  of  descent 
The  total  value  of  the  prospective  produce  of  the  100  parentages  ea" 
then  be  estimated  by  an  actuary,  and  consequently  the  sum  thatit  is 
legitimate  to  spend  in  favoring  an  X  parentage.  The  clear  and  dis- 
tinct statement  of  a  problem  is  often  more  than  halfway  toward  its 
.solution.  There  seems  no  reason  why  this  one  should  not  be  solve" 
between  limiting  values  that  arc  not  too  wide  apart  to  be  useful, 

EXISTING  ACTIVITIES. 

Leaving  aside  profitable  exjwnditure  from  a  purely  money  point  of 
view,  the  existence  .should  be  Imrne  in  mind  of  immen^te  voluntary 
activities  that  have  nobler  aims.  The  annual  voluntary  contributions 
in  the  British  Isles  to  public  charities  alone  amount,  on  the  lowest 
computation,  to  £14,000,000,  a  sum  which  Sir  H,  Burdett  asserts  on 
good  grounds  is  by  no  means  the  maximum  obtainable.  {Ho»l>lt*'* 
and  Charities,  1898,  p.  85,)  ^  AlOglC 
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There  are  other  activities  long  sinw  exiwting  whii-h  might  well  be 
extended.  I  will  not  dwell,  us  I  am  tempted  to  do,  on  the  endowments 
of  scholarship)  nnd  the  like,  which  aim  at  finding  and  educating  the 
fittest  youths  for  the  work  of  the  nation;  but  I  will  refer  to  thatwhole- 
sonie  pi-actice  during  all  ages  of  wealthy  [jeraons  int<^re.sting  themselves 
in  and  befriending  poor  but  promising  lads.  The  number  of  men  who 
have  owed  their  stJirt  in  a  successful  life  to  help  of  this  kind  must  have 
struc.kevery  reader  of  biographic!;.  This  relationship  of  befriender  and 
befriended  is  hardly  to  l>e  expressed  in  English  by  a  simple  word  that 
d<M.'s  not  connote  more  than  is  intended.  The  word  "patron"  is  odious. 
Becollecting  Dr.  Johnson's  abhorrence  of  the  patrons  of  his  day,  I 
turned  to  an  early  edition  of  his  dictionary  in  hope  of  deriving  some 
amusement  as  well  as  instruction  from  his  definition  of  the  word,  and  I 
was  not  disappointed.  He  defines  "  patron'"  as  "a  wretch  who  suppoi-ts 
with  insolence  and  is  repaid  with  Hattery,''  That  is  totally  opposed 
to  what  I  would  advocate,  namely,  a  kindly  and  honorable  relation 
between  a  wealthy  man  who  hius  made  his  position  in  the  world  and  a 
youth  who  is  avowedly  his  equal  in  natui-al  gifts,  but  who  has  yet  to 
make  it.  It  is  one  in  which  each  party  may  well  take  pride,  and  I 
feel  sure  that  if  its  value  were  more  widely  understood  it  would  become 
corarnoner  than  it  is. 

Many  degrees  may  be  imagined  that  lie  between  mere  liefriendment 
and  actual  adoption,  and  which  would  be  more  or  less  effective  in  free- 
ing capable  youths  from  the  hindrances  of  narrow  circumstances,  in 
enabling  girls  to  marry  early  and  suitably,  and  in  securing  favor  to 
their  subsequent  offspring.  Something  in  this  direction  is  commonly 
but  half  unconsciously  done  by  many  great  landowners  whose  employ- 
ments for  man  and  wife,  together  with  good  cottages,  are  given  to 
exceptionally  deserving  couples.  The  advant^e  of  being  connected 
with  a  great  and  liberally  managed  estate  being  widely  appreciated, 
there  are  usually  more  applicants  than  vacancies,  so  selection  can  be 
exercised.  The  consequence  is  that  the  class  of  men  found  upon  these 
properties  is  markedly  superior  to  those  in  similar  positions  elsewhere. 
It  might  well  become  point  of  honor,  and  as  much  an  avowed  object, 
for  noble  families  to  gather  fine  specimens  of  humanity  around  them 
as  it  is  to  procure  and  maintain  fine  breeds  of  cattle,  etc.,  which  are 
costly,  but  repay  in  satisfaction. 

There  is  yet  another  existing  form  of  princely  benevolence  which 
might  be  so  extended  as  to  exercise  a  large  effect  on  i-acc  iuiprovement. 
I  mean  the  provision  to  exceptionally  promising  young  couples  of 
healthy  and  convenient  houses  at  low  reTitals,  A  continually  renewed 
settlement  of  this  kind  can  be  easily  innigined,  free  from  the  taint  of 
patronage  and  analogous  to  colleges,  with  their  self-elected  fellowships 
and  rooms  for  residence  that  shall  become  an  exceedingly  desirable 
residence  for  a  siwcilied  time.  It  would  be  so  in  the  same  way  that  a^i 
good  club  by  its  own  social  advantages  attracts  desirable  candidates.'^ 
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The  tone  of  the  place  would  be  higher  than  elsewhere  on  account 
of  the  hi^h  quality  of  the  inmates,  and  it  would  be  distinguished  by 
an  air  of  energy,  intelligence,  health,  and  self-respect,  and  by  mutuskl 
helpfulness. 

PROSPECTS. 

It  is  plea.sant  to  contrive  Utopias,  and  I  have  indulged  in  many,  of 
which  a  great  society  is  one,  publishing  intelligence  and  memoirs,  bold- 
injf  yearly  elections,  administering  large  funds,  establishing  persona,! 
relations  like  a  missionary  society  with  its  missionaries,  keeping- 
elaborate  registers  and  discussing  them  statistically  with  honest 
precision.  But  the  tirst  and  pressing  point  is  to  thoroughly  justify 
any  crusade  at  all  in  favor  of  race  improvement.  More  is  wanted  in 
the  way  of  unbiased  scientific  inquiry  along  the  many  roads  I  have 
hurried  over  to  make  every  stepping-stone  safe  and  secure,  and  to 
make  it  certain  that  the  game  is  really  worth  the  candle.  All  I  dare 
hope  to  effect  by  this  lecture  is  to  prove  that  in  seeking  for  the 
improvement  of  the  race  we  aim  at  what  is  apparently  possible  to 
accomplish,  and  that  we  are  justified  in  following  every  path  in  a 
resolute  and  hopeful  spirit  that  seems  to  lead  toward  that  end.  The 
magnitude  of  the  inquiry  is  enormous,  but  its  object  is  one  of  the 
highest  man  can  accomplish.  The  faculties  of  future  getiemtions  will 
necessarily  l»e  distributed  a<-cording  to  laws  of  heredity,  whose  statis- 
tical effects  are  no  longer  vague,  for  they  are  measured  and  expressed 
in  formulte.  We  can  not  doubt  the  existence  of  a  great  power  ready 
to  hand  and  capable  of  being  directed  with  vast  benefit  as  soon  as  we 
shall  have  learned  to  understand  and  apply  it.  To  no  nation  is  a  high 
hdman  bleed  more  necessary  than  to  our  own,  for  we  plant  our  stock 
all  over  the  world  and  lay  the  foundation  of  the  dispositions  and 
capacities  of  future  millious  of  the  human  race. 
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The  very  remarkable  description  of  the  fire  walk  collected  by  Mr. 
Andrew  I^ng  and  others  had  aroused  a  curiosity  in  me  to  witness  the 
original  ceremony,  which  I  have  lately  been  able  to  gratify  in  a  visit 
to  Tahiti. 

Among  them;  notable  accounts  is  one  by  Colonel  Gudgeon,  British 
resident  at  Ramtonga,  dcst^ribing  the  expenment  by  a  man  from 
KaiHtea,  and  also  a  like  account  of  the  Fiji  tire  ceremony  from  Dr.  T. 
M.  Hocken,  whose  article  in  also  quoted  in  Mr.  Lang's  paper  on  the 
"  Fire  Walk,"  in  the  Proceedings  of  the  Society  for  Psychical 
Ii<'search,  February,  1900.  This  extraordinary  rite  is  also  ^escril>ed 
by  Mr,  Fra.ser  in  the  Golden  Bough,  and  by  others. 

I  had  beard  that  it  was  performed  in  Tahiti  in  189",  and  scvei-al 
persons  there  assured  me  of  their  having  seen  it,  and  one  of  them  of 
his  having  walked  through  the  fire  himself  under  the  guidance  of  the 
priest,  Papa-Ita,  who  is  said  to  be  one  of  the  la.st  remnants  of  a  cer- 
tain order  of  the  priesthood  of  Raiatea,  and  who  had  also  performed 
the  rite  at  the  island  of  Hawaii  .some  time  in  the  present  year,  of 
which  circumstantial  newspaper  accounts  were  given,  agreeing  in  all 
essential  particulars  with  those  in  the  accounts  already  cited.  Accord- 
ing to  these,  a  pit  was  dug  in  which  large  stones  were  heated  red-hot 
by  a  fire  which  had  been  burning  many  hours.  The  upper  stones 
were  pushed  away  just  before  the  ceremony,  so  as  to  leave  the  lower 
stones  to  tread  upon,  and  over  these,  "glowing  red-hot"  (accoi-ding 
to  the  newspaper  accounts),  Papa-Ita  had  walked  with  naked  feet, 
exciting  such  enthusiasm  that  he  was  treated  with  great  consideration 
by  the  whites,  and  by  the  natives  as  a  god.  I  found  it  commonly 
believed  in  Tahiti  that  anyone  who  chose  to  walk  after  him,  European 
or  native,  could  do  so  in  safety,  secure  in  the  magic  which  he  exer- 
cises, if  his  instructions  were  exactly  followed.  Here  in  Tahiti,  where 
he  had  "  walked"  four  years  before,  it  was  generally  believed  among 
the  natives,  and  even  among  the  Europeans  present  who  had  seen  the 
ceremony,  that  if  anyone  turned  around  to  look  !)ack  he  immediately 
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wjw  burned,  and  I  was  told  that  all  those  who  followed  him  through 
the  fire  were  expected  not  to  turn  until  they  had  reached  the  other 
side  in  safety,  when  he  ag:ain  cnt^^red  the  tire  and  led  theai  Imok  liy 
the  path  hy  which  he  had  come.  I  was  further  told  by  several  who 
had  tried  it  that  the  heat  was  nut  felt  u|x>n  the  feet,  and  that  ^ffapn 
shoes  were  worn  the  soles  were  not  }mrned  (for  those  who  follow*^ 
the  priest's  directions),  hut  it  was  added  hy  all  that  inurh  heat  w&n 
fett  about  the  head. 

Sucli  absolutely  extmordinary  aox'ount'^  of  the  per  for  ma  nc*-  had  l>een 
given  to  me  hy  resiiectahle  eyewitnes-ios  and  sharcrH  in  the  trial,  con- 
firming those  given  in  Hawaii,  and,  in  the  main,  the  cases  cited  by-  Mr. 
Lang,  that  1  could  not  doubt  that  if  all  these  were  verified  by  my  own 
olwen'ation.  it  would  mean  nothing  less  to  ine  than  a  departure  from 
the  customary  order  of  nature  and  something  very  well  worth  seeing 
indeed. 

I  was  glad,  therefore,  to  meet  personally  the  priest,  Papa-lta.  Ho 
is  the  finest  looking  native  that  I  have  seen;  tall,  dignified  in  l>eariiig. 
with  unusually  intelligent  features.  I  learned  iivm  him  that  he  would 
perform  the  ceremony  on  Wednesday,  July  17,  the  day  before  the 
sailing  of  our  ship.  I  was  ready  to  provide  the  cost  of  the  tire,  if  he 
could  not  obtain  it  otherwise,  but  this  pi-oved  to  l>e  unnecessary. 

Papa-lta  himself  spoke  no  English,  and  I  conversed  with  him  briefly 
through  an  interpreter.  Ho  said  that  be  walked  over  the  hot  .stones 
without  danger  by  virtue  of  spells  which  ho  was  able  to  utter  and  by 
the  aid  of  a  goddess  (or  devil  as  my  interpreter  had  it),  who  was 
formerly  a  native  of  the  islands.  The  spells,  he  said,  were  something 
whi<-b  he  could  t«ach  another.  I  was  told  by  others  that  there  was  a 
still  older  priest  in  the  island  of  llaiatea,  whose  disciple  he  was, 
although  he  had  pupils  of  his  own,  and  that  he  could  "send  his  spirit" 
to  liaiatea  to  secure  the  permission  of  his  senior  priest  if  necessary. 

In  answer  to  my  inquiry  as  to  what  preparations  he  was  going  to 
make  for  the  rite  in  the  two  or  three  days  before  it,  he  said  he  was 
going  to  pa-ss  them  in  prayer. 

The  place  selected  for  the  ceremony  fortunately  was  not  far  from 
the  ship.  1  went  there  at  ntxjn  and  found  that  a  large  shallow  pit 
or  trench  had  been  dug,  about  it  by  '21  feet  and  alK>ut  a  feet  deep. 
Lying  nearby  was  a  pile  containing  some  cords  of  rough  wood  and  m 
pile  of  rounded  water-worn  stones,  weighing,  I  should  think,  from 
40  to  8U  pounds  apiece.  The}-  were,  perhaps,  -IW  in  number,  and  all 
of  poi-ous  basalt,  a  feature  the  importance  of  which  will  he  seen  later. 
The  wood  was  placed  in  the  trench,  the  fiiv  was  lighted  and  the  stonea 
heaped  on  it,  as  I  was  told,  directly  after  I  left,  or  at  about  12  o'clock. 

At  +  p.  m.  1  went  over  again  and  found  the  preparations  very  nearly 
complete.  The  fire  had  been  burning  for  nearly  four  hours.  The 
outer  stones  touched  the  ground  only  at  the  edges  of  the  pile,  where 
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they  did  not  burn  my  hand,  but  as  they  approached  the  center  the 
stones  were  heaped  up  into  a  niound  three  or  four  layers  deep,  at 
whieh  jKiint  the  lowest  layers  seen  between  the  upper  ones  were  visibly 
red-hot.  That  these  latter  were,  nevertheless,  sending  out  considerable 
heat  there  could  be  no  question,  though  the  topmost  stones  were  cer- 
tainly not  red-hot,  while  those  at  the  bottom  were  visibly  so  and  were 
occasionally  splitting  with  loud  reports,  while  the  flames  from  the 
burned  wood  near  the  center  of  the  pile  passed  up  in  visible  lambent 
tongues,  l>oth  circumstances  contributing  to  the  effect  upon  the  excited 
bystanders. 

The  upper  .stones,  I  repeat,  even  where  the  topmost  were  presently 
removed,  did  not  show  any  glow  to  the  eye,  but  were  unquestionably 
very  hot  and  certainly  looked  unsafe  for  naked  feet.  Native  feet,  how- 
ever, are  not  like  European  ones,  and  Mr.  Richardson,  the  chief  engi- 
neer of  the  ship,  mentioned  that  he  had  himself  seen  elsewhere  natives 
standing  unconcerned  with  naked  feet  on  the  cover  of  pipes  conveying 
steam  at  about  3nn-  F.,  where  no  European  foot  could  even  lightly 
rest  for  a  minute.  The  stones  then  were  hot.  The  <'riicial  (juestion 
was.  How  hot  was  the  upper  part  of  this  upper  layci-  on  which  the  feet 
were  to  rest  an  instant  in  ]ms,sing'f  I  could  think  of  no  ready  thermo- 
metric  method  that  could  give  an  alwolutely  trustworthy  answer,  but 
I  could  possibly  determine  on  the  spot  the  thcnnal  equivalent  of  one 
of  the  hottest  stones  trodden  on.  (It  was  subsequently  shown  that  the 
stone  might  be  much  cooler  at  one  part  than  another.)  Most  obviously, 
even  this  was  not  an  ea.sy  thing  to  do  in  the  circumstances,  but  I 
decided  to  try  to  get  at  least  a  trustworthy  approximation.  By  the 
aid  of  Chief  Engineer  Richardson,  who  attended  with  a  stoker  and  one 
of  the  quartermasters,  kindly  detailed  at  my  request  by  the  shipV 
muster,  Captain  Ijawless.  I  prepared  for  the  rough  but  conclusive 
exiwriment  presently  described. 

It  was  now  nearly  forty  minutes  after  4,  when  six  acolytes  (natives), 
wearing  crowns  of  flowers,  wreathed  with  garlands  and  bearing  poles 
nwirly  1,5  feet  long,  ostensibly  to  be  used  as  levers  in  toppling  over 
the  upper  stones,  appeared.  They  were  supp<)sed  to  need  such  long 
poles  l)ocause  of  the  distance  at  which  they  must  stand  on  ac<-ount  of 
the  heat  radlat«d  from  the  pile,  but  I  had  walked  close  beside  it  a 
moment  before  and  satisfied  myself  that  I  could  have  manipulat^^d  the 
stones  with  a  lever  of  one-third  the  length,  with  some  discomfort,  but 
with  entii-e  safety.  Some  of  the  uppermost  stones  only  were  turned 
over,  leaving  a  superior  layer,  the  long  ixdes  being  needlessly  thrust 
down  Iwtween  the  stones  to  the  Iwttom,  where  two  of  them  caught  tiro 
at  their  extremities,  adding  very  much  to  the  impression  that  the 
exposed  layer  of  stones  was  red  hot,  when  in  fact  they  were  not,  at 
least  to  the  eye.  These  long  poles  and  the  way  they  were  hatidled 
were,  then,  a  psirt  of  the  ingenious  "staging"  of  the  whole  spectacle. 
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Now  the  most  impressive  part  of  the  ceremony  began.  I^pa-Ita, 
tall,  dignified,  flower-crowned,  and  dressed  with  garlands  of  flowers, 
appeared  with  naked  feet  and  with  a  large  bush  of  "ti"  leaves  in  his 
hands,  and  after  going  partly  around  the  fire  each  way,  uttering  what 
seemed  to  be  comniandM  to  it,  went  back,  and.  beating  the  stones  nearest 
him  three  times  with  the  ti  leaves,  advanced  steadily,  but  with 
obviously  hurried  step,  directly  over  the  central  ridge  of  the  pile. 
Two  Hisciplcs,  similarly  dressed,  followed  him,  but  they  had  not  the 
courage  to  do  so  directly  along  the  heated  center.  They  followed 
about  lialfway  between  the  center  and  the  edge,  where  the  stones 
were  manifestly  cooler,  since  I  had  satisfied  myself  that  they  could  be 
touched  lightly  with  the  hand.  Papa-Ita  then  turned  and  led  the  way 
back,  this  time  with  deliberate  confidence,  followed  on  his  return  by 
several  new  disciples,  most  of  them  not  keeping  exactly  in  the  »teps 
of  the  leader,  but  obviously  seeking  cooler  places.  A  third  and 
fourth  time  Papa-lta  crossed  with  a  larger  following,  after  which 
many  Europeans  present  walked  over  the  stones  without  referent'*  to 
the  priest's  instructions.  The  natives  were  mostly  in  their  bare  feet. 
One  wore  stockings.  No  European  attempted  to  walk  in  bare  feet, 
except  in  one  case^that  of  a  boy,  who,  I  was  told,  found  the  stones 
too  hot  and  immediately  stepped  back. 

The  mise  en  scene  was  cei'tainly  noteworthy.  The  site  near  the 
great  ocean  breaking  on  the  barrier  reefs,  the  excited  crowd  talking 
about  the  "red-hot"  stones,  the  actual  sight  of  the  hierophant  and 
bis  acolytes  making  the  passage  along  the  ridge  where  the  occasional 
tongues  of  tlame  were  seen  at  the  center,  with  all  the  attendant  cir- 
cumstances, made  up  a  scents  in  no  way  lacking  in  interest.  Still,  the 
essential  question  as  to  the  actual  heat  of  these  stones  had  not  yet  been 
answered,  and  after  the  fourth  passage  I  secured  Papa-lta's  permission 
to  remove  from  the  middle  of  the  pile  one  .stone,  which,  from  its  size 
and  position,  every  foot  had  rested  upon  in  cros,sing  and  which  was 
undoubtedly  at  least  an  hot  as  any  one  of  those  trodden  on.  It  was 
pulled  out  by  my  assistants  with  difficulty,  as  it  proved  to  be  lai^r 
than  T  had  expected,  it  l>cing  of  ovoid  shape,  with  the  lower  end  in  the 
hottest  part  of  the  file.  I  had  brought  over  the  largest  wooden 
bucket  which  the  ship  had  and  which  was  half  filled  with  water,  e.Kpect- 
ing  that  this  would  cover  the  stone,  but  it  proved  to  be  hardly  enough. 
The  stone  aiused  the  water  to  rise  nearly  to  the  top  of  the  bucket,  and 
it  wa^  thrown  into  such  violent  ebullition  that  a  great  deal  of  it  boiled 
over  and  escaped  weighing.  The  stone  was  an  exceedingly  bad  con- 
ductor of  heat,  for  it  continued  to  boil  the  water  for  about  twelve 
minutes,  when,  the  ebullition  being  nearly  over,  it  was  removed  to  the 
ship  and  the  amount  of  evaporated  wat*'r  measured. 

Meanwhile  others,  as  I  have  said,  began  to  walk  over  the  stones 
without  any  reference  to  the  ceremony  |)rescribed  by  Papa-Ito,  and 
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three  or  four  peraooa,  whom  I  personally  knew  on  hoard  the  ship,  did 
so  in  shoes,  the  soles  of  which  were  not  burned  at  all.  One  of  the 
^ntlemen,  however,  who  crossed  over  with  unburned  shoes,  showed 
me  that  the  ends  of  his  trousers  had  been  burnt  by  the  flames  whii;h 
leaped  up  between  the  stones,  and  which  at  all  times  added  so  much 
to  the  impressive ness  of  the  spectacle;  and  there  was  no  doubt  that 
anyone  who  stumbled  or  got  a  foot  caught  between  the  hot  stones 
might  have  been  badly  burned.  United  States  Deputy  Consul  Ducor- 
ran,  who  was  present,  remarked  to  me  that  he  knew  that  Papa-Ita  bad 
failed  on  a  neighboring  island,  with  stones  of  a  marble-like  quality, 
and  he  offered  to  test  the  heat  of  these  basaltic  ones  by  seeing  how 
long  he  could  remain  on  the  hottest  part  of  the  pile,  and  he  stood 
there,  in  my  sight,  from  eight  to  ten  seconds  before  he  felt  the  heat 
through  the  thin  soles  of  his  shoes  beginning  to  be  unpleasantly  warm. 

A  gentleman  present  asked  Papa-Ita  why  he  did  not  give  an  exhibit 
that  would  be  convincing  by  placing  his  foot,  even  for  a  few  seconds, 
between  two  of  the  red-hot  stones  which  could  be  seen  glowing  at  the 
bottom  of  the  pile,  to  which  Papa-Ita  replied  with  dignity.  "My 
fathers  did  not  tell  me  to  do  it  that  way."  I  a-sked  him  if  he  would 
hold  one  of  the  smaller,  upper  hot  stones  in  his  hand.  He  promised 
to  do  so,  hut  he  did  not  do  it. 

The  outer  barriers  were  now  removed  and  a  crowd  of  natives  pressed 
in.  I,  who  was  taking  these  not«s  on  the  spot,  left,  after  assuring 
myself  that  the  stones  around  the  edge  of  the  pit  were  comparatively 
cold,  although  the  center  was  no  doubt  very  hot,  and  those  below  red- 
hot.  The  real  question  is,  I  repeat,  How  hot  were  those  trodden  on? 
and  the  answer  to  this  I  was  to  try  to  obtain  after  measuring  the 
amount  of  water  boiled  away. 

On  returning  to  the  ship  this  was  e,ttimated  from  the  water  which 
was  left  in  the  bucket  {aft«r  allowing  for  that  spilled  over)  atalmut 
10  pounds.  The  stone,  which  it  will  he  remembered  was  one  of  the 
hottest,  if  not  the  hottest,  in  the  pile,  was  found  to  weigh  <i5  pounds, 
andttu  have  evaporated  this  quantity  of  water.  It  was,  as  I  have  said, 
a  volcanic  st^)ne,  and  on  minuter  examination  proved  to  he  a  vesicular 
basalt,  the  most  distinctive  featui-e  of  which  was  its  porosity  and  non- 
conductihility.  for  it  was  subsequently  found  that  it  could  have  iteen 
heated  ivd-hot  at  one  end,  while  remaining  comi«irativeIy  cool  at  the 
top.  I  brought  a  piece  of  it  to  Washington  with  me  and  there  deter- 
mined its  specific  gravity  to  Ije  2.39,  its  specific  heat  O.lit,  and  its  con- 
ductivity to  be  so  extremely  small  that  one  end  of  a  small  fragment 
could  be  held  in  the  hand  while  the  other  was  heated  indefinitely  in 
(he  flame  of  a  blowpipe,  almost  like  a  stick  of  sealing  wax.  This 
partly  defeated  the  aim  of  the  experiment  (to  find  the  tcmpemture  of 
the  upper  part  of  the  stone),  since  only  the  meiin  temperature  was 
found.    This  mean  temperature  of  the  hottest  stone  of  the  upper,layer,    i  ^ 
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as  deduced  from  the  alwve  data,  was  almut  1,'-M)0'^  F.,  but  the  temper- 
ature of  the  surface  must  have  been  indefinitely  lower.  The  tem- 
perature at  which  such  a  stone  begins  to  show  a  dull  red  in  daylight 
is,  so  far  na  I  am  aware,  not  exactly  determined,  but  is  approxinuitely 
1,300  to  1,-WO'^  F. 

To  conclude,  I  could  entertain  no  doubt  that  I  had  witnessed  sub- 
stantially the  scenes  described  by  the  gentlemen  cited,  and  1  have 
reason  to  believe  that  I  saw  a  very  favorable  specimen  of  a  fire  walk. 

It  was  a  sight  well  worth  seeing.  It  was  a  most  clever  and  interest- 
ing piece  of  savage  magic,  but  from  the  evidence  I  have  just  given  I 
aui  obliged  to  say  (almost  regretfully)  that  it  was  not  a  miracle. 
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THE  LAWS  OF  NATURE.' 


By  S.  P.  Langlby. 


We  aay  that  nature  i:s  unchanging,  and  so  perhaps  it  is,  in  the  eye 
of  some  Pternal  being,  but  not  in  ours,  for  the  things  that  we  see  from 
day  to  <iay,  appear  permanent  only  by  comparison  to  the  duration  of 
our  own  brief  life,  and  our  own  little  experience. 

Ad  inhabitant  of  the  land  where  nature  has  just  passed  through  such 
an  awful  convulsion,  with  a  loss  of  life  greater  for  so  short  a  time 
than  history  has  ever  recorded,  might  have  said  in  'Jie  morning  that 
nature  never  changes,  because  it  had  never  changed  in  his  own  little 
rxperience;  but  he  would  not  have  said  so  at  that  day's  close.  Now 
the  experience  of  the  entire  human  race  is  far  briefer  relative  to 
nature's  dumtion  than  that  of  one  of  these  Lslanders,  who  knew  the 
green  mountain  with  its  fresh  lakes  only  as  a  plaire  of  quiet  rest  up  to 
the  moment  when  the  gates  of  hell  were  opened  beneath  it. 

Natuie.  then,  really  changes,  and  would  apparently  do  so  if  man 
were  not  here;  for  it  is  not  mane's  varying  thoughts  about  nature  that 
make  her  change.  But  there  is  something  quite  different  from  nature 
which  does  change  bewiuse  of  man,  and  which  apparently  would  not 
change  if  he  were  not  here.  This  is  what  he  calls  the  '  laws  of  nature.' 
The  assumption  that  there  are  such  things  is  due  to  him,  and  such 
'laws'  are  known  only  through  his  mind,  in  which  alone  nature  is 
seen. 

It  is  perhaps  an  hard  saying  to  mo.9t  that  there  are  no  such  things 
as  'laws  of  nature^;  but  this  is  the  theme  on  which  I  have  to  speak. 

These,  then,  are  the  laws  of  his  own  mind,  or  the  effects  of  his  own 
mind,  which  he  projects  outside  of  himself  and  imagines  to  be  due  to 
some  permanent  and  unalterable  cause  having  an  independent  existence: 
and  this,  not  only  becau.se  his  season  for  observation  is  but  a  moment  in 
the  passage  of  nature's  eternal  year,  but  because  with  his  pathetic  sense 
of  hi.s  own  weakness,  he  would  gladly  stay  himself  on  the  word  of  some 
unchanging  being.  It  is  because  this  sense  of  dependence  is  strangely 
joined  with  such  self-conceit  that  when  he  listens  to  what  he  himself 
says,  he  calls  it  the  voice  of  God.  From  the.se  twin  causes,  arising  both 
from  his  inability  as  a  creature  of  time  to  observe  what  is  eternal ,  and 
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agiiin  from  his  own  ovorwoening  Konsc  of  his  own  (■apat'ity.  he  looks 
for  Homc  imniutaljlc  being  whom  he  Iwlievcs  to  have  written  man's 
own  idear<  in  what  he  calls  'the,  book  of  nature.' 

I  am  not  questioning  tho  exlistenoo  of  sneh  a  lieing  as  the  'Author  of 
Nature' ;  Imtajikingif  such  ii  volume  as  i>*  imputed  to  him,  ever  i-eally 
existed.  The  verj-  phrase,  'book of  nature'  isalcgaey  from  morrbtind 
mediii'val  notionn  of  a  lawgiver;  and  it.  with  the  vitality  of  words 
whieh  carry  to  ua  dying  ideas,  has  lived  on  to  our  own  time,  when  we 
can  no  longer  lK>lievc  it,  although  it  is  still  upon  our  lips,  and  to  con- 
vince ourselves  of  this  we  need  only  pause  a  moment  to  ask  the 
simple  question  whether  there  i-^  any  authority  who  has  prepared  a 
clearly  written  book  of  statutes,  in  which  we  can  really  r«id  nature's 
laws. 

The  question  answers  itself, 

I  repeat  that  I  am  not  denying  here  the  existence  of  such  a  being  as 
the  imputed  author  of  these  laws,  but  say  that,  ignomnt  as  we  are  of 
what  is  l)eing  done  by  him,  we  cannot  read  bis  thoughts  in  our 
momentary  vision  of  what  is  forever  passing. 

"For  my  thoughts  are  not  your  thoughts,  neither  are  your  ways 
my  ways,  s<iith  the  Lord,"  is  a  caution  which,  whether  believers  or  not. 
would  not  harm  us  to  consider;  and  when  we  say  that  these  '  thoughts' 
arc  written  in  "the  l»ook  of  nature,'  this  cannot  mean  that  they  ai-e 
legible  there  as  in  a  statute  liook  where  he  who  runs  may  read.  If 
nature  is  to  he  compared  to  a  book  at  all.  it  is  to  a  Inwk  in  the  hands  of 
infants  to  whom  it  conveys  little  meaning,  for  such  are  we;  or  rather 
it  is  like  a  'book  of  celestial  hieroglyphs,  of  which  even  prophets  are 
happy  that  they  can  read  here  a  line  and  there  a  line.' 

I  hope  what  1  am  trying  to  say  may  not  bear  the  appearance  of 
some  metiiphysical  retinement  on  common  sense.  It  is  common  sense 
that  is  intended,  and  the  'laws  of  nature'  that  seem  to  me  to  be  a 
metaphysical  phrase. 

To  (iccoratc  our  own  guesses  at  nature's  meaning  with  this  name 
is  a  presumption  due  to  our  own  feeble  human  nature,  which  we  can 
forgive  for  demanding  something  more  permanent  than  itself,  hut 
which  also  leads  us  to  have  such  an  exalted  conceit  of  our  own  opinions, 
as  to  hide  fnmi  ourselves  that  it  is  these  very  opinions  which  we  call 
nature's  laws. 

The  history  of  the  past  shows  that  onee,  most  philosophers,  even 
atheists,  thus  regarded  the  '  Laws  of  Nature.'  not  as  their  own  inter- 
pretations of  her.  but  as  sonietliing  external  to  themselves,  as  entities 
partaking  the  attributes  of  Deity— entities  which  they  deilied  in  print 
with  capital  Icttcrs-as  we  sometimes  do  still,  though  these 'Laws' 
n(»w  are  shorn  of  'the  glories  of  their  birth  and  state'  whieh  they 
once  wore,  and  are  not  turning  out  to  be  'substantial  things.' 

Hut  are   there  not  really  things  (like  the  fact  of  gnivitation,  for 
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instance)  externa,  to  ourselves,  which  would  exist  woether  we  were 
hei'e  or  not,  and  which  are  part  of  the  order  of  nature }  Apparently, 
yes,  but  part  of  the  laws  of  nature,  not 

The  phrase  even  yet  exercises  a  wide  influence,  though  it  has  seemed 
to  me  that  a  significant  change  is  taking  place  in  the  leaders  of  com- 
mon opinion  with  regard  to  the  meaning  that  the  words  convey. 

I  presume  that  the  greater  proportion  of  us  here  are  interested  in 
science.  I  may  indeed  assume  that  we  all  are;  and  I  want  to  inquire 
what  lesson  for  us,  as  students  of  nature,  there  lies  in  the  fact  that  we 
are  no  longer  impressed  by  her  'laws'  as  were  the  scientific  men  of  a 
former  generation. 

It  is  convenient  to  measure  the  distance  we  have  passed  over  by  the 
fact  that  one  hundred  and  fifty  yeai-s  ago,  one  of  the  acutest  of  reason- 
era,  David"  Hume,  published  a  still  celebrated  argument  against  mir- 
acles which  within  my  own  recollection  was  held  to  be  so  formidable 
that  those  who  were  reluctant  to  believe  in  his  conclusions  were  still 
unable  to  offer  a  good  refutation.  The  immense  number  of  attempted 
refutations  and  their  contradictory  character  is  perhaps  the  best  testi- 
mony for  this. 

Hume  defines  a  miracle  as  a  violation  of  the  '  laws  of  nature,'  and 
his  argument,  concisely  stated,  is  that  there  must  'be  a  uniform  expe- 
rience gainst  every  miraculous  event,  otherwise  the  event  would  not 
merit  that  appellation,  and  as  a  uniform  experience  amounts  to  a 
proof,  there  is  here  a  direct  and  full  proof  from  the  nature  of  the  fact 
against  the  existpnce  of  any  miracle.' 

Now,  while  his  ai^ument  is  logically  as  conclusive  as  ever,  it  to-day 
convinces  only  those  who  are  anxious  to  accept  its  conclusion. 

What  is  the  reason  for  this  great  change? 

We  may  ask  what  the  laws  of  nature  really  are,  and  pass  from  what 
they  were  thought  to  be  by  Hume,  to  what  they  are  beginning  to  be 
nndcrstood  to  be  by  us,  without  here  inquiring  into  the  intermediate  ■ 
steps  which  brought  the  change  about. 

It  seems  to  me  that  the  argument  which  was  conclusive  not  merely 
to  the  learned,  but  to  the  common  cultivated  thought  of  Hume's  time, 
has  never  been  expressly  refuted  when  its  premises  were  admitted, 
(and  the  generation  following  him  admitted  them);  and  yet  this  com- 
pelling argument,  as  it  once  seemed,  is  gradually  losing  its  force  to 
most  minds,  not  through  counter  argument,  but  by  an  insensible 
change  of  opinion  in  the  attitude  of  the  thinking  part  of  our  public  as 
compared  with  his,  a  change  about  certain  fundamental  assumptions 
on  which  the  argument  rested,  and  from  his  own  views  of  the  universe, 
to  those  we  are  beginning  to  take. 

In  the  first  place,  the  immensely  greater  number  of  things  we  know 
in  almost  every  department  of  science  beyond  those  which  were 
known  one  hundred  and  fifty  years  ago  has  bad  an   effect  which   ;lc 
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doubtlesa  could  have  been  anticipated,  but  yet  which  we  may  not  hare 
wholly  expected.  It  is,  that  the  more  we  know,  the  more  we  ret-*^- 
nize  our  ignorance,  and  the  more  we  have  a  sense  of  the  mystery  of 
the  universe  and  the  limitations  of  our  knowledge. 

I  believe  it  may  be  said  that  if  not  to  Hume,  at  any  rate  to  the 
majority  of  those  about  him,  and  to  bis  later  rontemporaries,  there 
was  very  much  less  mystery  in  the  world  than  we  see  in  it,  and  if  it 
were  then  still  occasionally  said  that  there  were  "  things  in  heaven  and 
eai^th  not  dreamt  of  in  'their'  philosophy,"  these  words  must  have 
struck  on  the  self-complacent  minds  of  bis  generation,  assomethingto 
be  tolerated  as  poetic  license,  rather  than  as  accurate  in  philosophic 
meaning.  Compared  with  ours,  that  whole  century  was  satisfied  witii 
itaelf  and  its  knowledge  of  the  infinite,  and  content  in  its  happy  belief 
that  it  knew  nearly  everything  that  was  really  worth  knowing.  This 
'nearly  everything'  which  it  thought  it  knew  about  the  universe,  it 
called  the  'laws  of  nature.' 

It  was  to  this  lielief  in  the  general  mind,  I  think,  that  the  success  of 
Hume's  argument  was  due. 

The  present  generation  has  begun,  if  not  to  be  modest  or  humble, 
to  be  somewhat  less  arrogant  in  the  assumption  of  its  knowledge.  We 
are  perhaps  beginning  to  understand,  not  in  a  purely  poetical  aen;^. 
but  in  a  very  real  one,  that  there  may  be  all  around  us  in  heaven  and 
earth  things  beyond  measure,  of  which  'philosophy'  not  only  know.'^ 
nothing,  but  has  not  dreamed. 

As  a  consequence  of  this,  there  ia  growing  to  be  an  unspoken,  rather 
than  clearly  formulated  admission,  that  we  know  little  of  the  order  of 
nature,  and  nothing  at  all  of  the  '  laws'  of  nature. 

Now  if  we  are,  at  present  at  least,  disposed  to  speak  of  an  observed 
'order'  of  nature  {not  carrying  with  it  the  implication  of  nc^^essity 
denoted  by  '  law'),  I  think  we  have  some  reason  to  say  that  there  is  a 
prescience  of  a  change  in  common  thought  about  this  manner,  and 
that  it  is  owing  to  this  that  we  are  coming  to  be  where  we  are. 

I  do  not  know  that  there  is  a  less  wide  belief  in  the  gospel  miraclp^ 
in  our  day,  but  if  it  were  so,  the  decline  in  the  weight  given  Hume's 
argument  is  not  due  solely  to  that,  for  it  may  surely  be  said  that  it 
was  not  merely  an  argument  against  gospel  miracles,  but  against  all 
the  prodigies  to  be  found  in  history,  sacred  and  profane,  where  he 
doubtless  had  in  mind  traditions  of  stones  falling  out  of  heaven,  cure* 
wrought  by  psychological  agency,  and  the  like,  all  'superstitions*  to 
the  men  of  his  day,  who.  if  they  no  longer  believed  in  a  deity,  were 
none  the  less  shocked  by  the  culpable  existence  of  such  vulgar  beliefs 
in  conflict  with  the  deified  Maws  of  nature,'  while  such  'supersti- 
tions' have  in  our  day  become  subjects  of  modest  inquiry. 

Let  me  quote  from  a  later  writer,  whose  point  of  view  is  singularly 
different  from  that  of  Hume  and   his  contemporaries,  and  who   in 
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r  to  the  question,  'What  is  a  miracle?'  logins  by  reminding  us 
that  the  reply  will  depend  verj-  much  upon  the  intelligence  of  the 
being  who  answers  it,  or  whom  the  miracle  ia  wrought  for. 

"To  my  }u'rne,  do  I  not  work  a  miracle  every  time  1  open  fothim 
an  impassable  turnpike?" 

'"But  is  not  a  real  miracle  simply  a  violation  of  the  laws  of  nature?' 
o^k  several.  What  are  the  laws  of  nature?  'Is  it  not  the  deepest  law 
of  nature  that  she  be  constant?'  cries  the  illuminated  class.  'Is  not 
the  miu'hinc  of  the  univei-se  fixed  to  move  by  unalterable  ruloj*?' 

"I  believe  that  nature,  that  the  universe,  which  no  one  whom  it  ao 
pleases  can  be  prevented  from  calling  a  machine,  does  move  by  the 
most  unalterable  rules.  And  now  I  make  the  old  inquiry  as  to  what 
those  same  unalterable  rules,  forming  the  complete  statute  book  of 
nature,  may  possibly  be! 

'"They  stand  written  in  our  works  of  science.' say  you;  'in  the 
acx^umulated  records  of  man's  experience.'  Was  man  with  his  experi- 
ence present  at  the  creation,  then,  to  see  how  it  all  went  on  i  Have 
any  deepest  scientific  individuals  yet  dived  down  to  the  foundations  of 
the  universe  and  gauged  everything  there?  Alas,  these  scientific 
individuals  have  been  nowhere  but  where  we  also  are;  have  seen  some 
handbreadths  deeper  than  we  see  into  the  deep  that  is  infinite,  without 
Ixjttom  as  without  shore." 

"Philosophy  complains  that  custom  has  hoodwinked  us  from  the 
first;  that  we  do  everything  by  custom,  even  believe  by  it;  that  our 
very  axioms,  boast  as  we  may,  are  ofteneaf  simply  such  beliefs  as  we 
have  never  heard  questioned.  Innumerable  are  the  illusions  of  custom, 
.but  of  all  these  |>erhaps  the  cleverest  is  her  knack  of  persuading  us 
that  the  miraculous,  by  simple  repetition,  ceases  to  be  miraculous!" 

A  les.son  for  us,  as  people  who  are  most  of  us  interested  in  science, 
as  to  how  little  itM  most  fixed  conclusions  may  be  worth,  may  perhaps 
be  conveyed  in  an  example.  A  century  and  a  half  ago,  when  the  new 
science  of  chemistry  won  its  first  triumphs,  the  fundamental  discovery 
which  was  to  illuminate  the  whole  science,  the  settled  acquisition 
which  it  seemed  to  have  brought  to  us,  the  thing  which  was  going  to 
last,  was  'phlogiston.' 

This  had  everything  to  recommend  it  in  universal  acceptance  and  in 
what  seemed  to  the  foremost  men  of  the  time  its  absolute  certainty, 

"  If  any  opinion,"  says  Priestley,  "  in  nil  the  modern  doctrine  con- 
cerning air  be  well  founded,  it  is  certainly  this,  that  nitrous  air  is 
highly  charged  with  phlogiston.  If  I  have  completely  ascertained 
anything  at  all  relating  to  air,  it  is  this." 

I  am  trying  here  to  say  that  all  laws  of  nature  are  little  else  than 
man's  hypotheses  about  nature. 

Phlogiston  was  then  to  the  science  of  a  former  age,  in  this  sens^ti  law    , 
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of  nature,  and  at  least  at)  great  u  p^oneralization  as  the  kinetic  theory 
of  gasen  is  to  us;  as  widely  atKMjpted,  an  iirnily  believed  and  a»  cer- 
tainly known^ — but  what  has  become  of  it  now} 

Can  we  t«ll,  then,  in  advance,  by  any  crit*;rion,  wliat  a  *  law  of 
nature'  is? 

With  a  curious  begging  of  the  question  some  answer,  *  Yes,  for  laws 
of  nature  have  this  distinction,  that  they  have  never  been  disproved." 
As  if  one  were  to  say.  Yes,  because  when  they  are  disproved  we  deny 
that  they  are  laws  of  nature! 

Those  of  us  who  are  capable  of  being  instructed  or  warned  by  the 
history  of  human  thought  may,  then,  ask  what  kind  of  a  guarantee 
are  we  to  have  for  any  other  'fact'  of  our  new  knowledge?  May  they 
not — all  these  'facts' — be  gone  like  the  baseless  fabric  of  this  vision. 
before  another  hundred  years  are  passed? 

The  physical  sciences  seem  to  have  had  less  change  in  their  theories 
than  the  mighty  displacements  in  other  branches  of  natural  knowledge, 
but  it  is  a  truism  to  say  that  all  are  changed,  and  it  should  be  a  truism 
to  add  that  the  'laws  of  nature'  are  not  to  us  what  they  were  a  hun- 
dred years  ago. 

1  repeat  that  of  the  *  order '  of  nature  we  may  possibly  know  a  little: 
but  what  are  these  '  laws '  of  nature  'i  What  celestial  act  of  congres;* 
fixed  them?  In  what  statute  book  do  we  read  them?  What  guaran- 
tees them!  Our  mistake  is  in  believing  that  there  in  any  such  thing, 
apart  from  our  own  fallible  judgment,  for  the  thing  which  the  'law^ 
of  nature'  most  absolutely' forbid  one  generation  to  believe,  if  it  only 
actually  happens,  is  accepted  as  a  part  of  them  by  the  succeeding. 

Suppose  that  a  century  ago,  in  the  year  1802,  certain  French 
Academicians,  believing  like  everyone  else  then  in  the  'laws  of 
nature,'  were  invited,  in  the  light  of  the  best  scientific  knowledge  of 
the  day,  to  name  the  most  grotesque  and  outrageous  violation  of  them 
which  the  human  mind  could  conceive,  I  may  suppose  them  to  reply, 
'  if  a  cartload  of  black  stones  were  to  tumble  out  of  the  blue  sky  above 
us,  before  our  eyes,  in  this  very  France,  we  should  call  t/int  a  violation 
of  the  laws  of  nature,  indeed!'  Yet  the  next  year,  not  one,  but  many, 
cartloads  of  black  stones  did  tumble  out  of  the  Itlue  sky,  not  in  some 
far  off  land,  but  in  France  it^elf. 

It  is  of  interest  to  ask  what  became  of  the  'laws  of  nature'  after 
such  a  terrible  blow.  The  'laws  of  nature'  wei-e  adjusted,  and  after 
being  enlarged  by  a  little  patching,  so  as  to  take  in  the  new  fact,  were 
found  to  be  just  as  good  as  everl  So  it  is  always;  when  the  miracle 
has  happened,  then  and  only  then  it  becomes  most  clear  that  it  was  no 
miracle  at  all,  and  that  no  Maw  of  nature'  has  been  broken. 

Applying  the  pamble  to  ourselves  then,  how  shall  wo  deal  with 
new  '  facts '  which  are  on  trial,  things  perhaps  not  wholly  demonstrated, 
yet  partly  plausible?     During  tlie  very  last  generation  hypnotUm  was 
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HUcli  H  violiitioii  of  tiiittinil  linv.  Now  it  i^  u  pint  oT  it.  What  F<]iall 
we  May,  ^piin,  u)>uut  tdcputhy,  which  .sj'oiin'il  so  jihsnrd  lo  most  of  us 
a  dozen  ypjirs  ayoJ  I  do  not  ssuy  there  is  snrh  a  tlihifr  now,  Init  I 
would  like  to  take  the  oti-iision  to  ex))i'i-^s  my  fet'lin^  thsit  Sir  William 
Crookes,  aa president  of  the  liritirih  Association,  took  tlie  rifrht,  its  he 
took  the  coumgeou«  course,  in  Hpcaking  of  it  in  the  terms  he  did. 
I  mig;ht  cite  other  things,  (he  ohjects  of  ridicule  only  a  few  years  ap), 
of  debate  now,  but  whii'h  have  not  all  found  supporters  who  possess 
thp  courage  of  their  convictions. 

The  lesson  for  us  in  dealing  with  them  is  not  that  we  should  refuse 
to  lielieve  on  the  one  hand,  and  sneer  at  everything  that  is  on  trial; 
(or  thia,  though  a  very  general  and  safe  procedure,  is  not  one  to 
be  recommended  to  those  of  us  who  have  some  higher  ideal  than 
ai-quieseenee  with  the  current  Iwlief. 

The  le.s3on  for  us  is  that  we  must  not  consider  that  anything  isal)so- 
hitely  settled  or  true. 

This  is  not  to  say  that  wc  are  to  he  blown  alxiut  Ity  every  wind  of 
Hcientitic  doctrine.  It  is  to  be  understeod  as  a  practical  rule  of  life 
that  we  must  act  with  the  nntjority  where  our  faith  does  not  compel 
us  to  do  otherwise;  but  it  seems  to  me  that  wc  must  always  keep 
ready  for  use  somewhere;  in  the  Imckgrouiid  of  our  mind,  iwissilily. 
but  somewhere;  the  perhaps  trit*-  notion  that  we  know  nothing  abso- 
lutelj'  or  in  its  essence:  and  remember  that  though  trite  it  i.s  always 
true,  and  to  !«  kept  as  a  guide  at  every  turning  of  the  scientific  road, 
when  we  can  not  tell  what  is  coming  next. 

How  many  doctrines  of  our  own  day  will  st;md  the  light  of  the  next 
century?  What  will  they  Iw  saying  of  ourdoi-trine  of  evolution  thu'? 
1  do  not  know;  Imt  let  me  repeat  what  1  have  said  elsewhere,  that  the 
truths  of  the  scientific  church  are  not  dogmas,  but  something  put  f«r- 
wai'd  as  provisional  only,  and  which  her  most  faithful  cliildren  are 
weUwme  to  disprove  if  they  can.  I  tn'lieve  that  science  a-*  a  whole  is 
advancing  with  hitherto  unknown  rapidity,  but  that  the  evidence  of 
this  advance  is  not  in  reasoning,  but  in  the  observation  that  our  doc- 
trine is  proving  itself,  by  the  fact  that  through  its  aid  Nature  ol>eys  us 
more  and  more,  as  I  certainly  believe  it  does. 

Never  let  us  forget,  however,  that  man.  I>eiiig  the  servant  and  inter- 
preter of  nature,  a-s  Hacon  says,  can  do  and  understand  so  much,  and 
so  much  only,  as  he  has  nhifn'iil  of  the  course  of  nature,  and  that 
beyond  this  he  neither  knows  anything  nor  can  do  anything.  No 
walk  along  'the  high  priori  road'  will  take  him  where  he  wants  to 
go,  and  no  '  law  of  nature'  will  certainly  help  him. 

But  these  'laws',  having  authority  only  as  far  as  thi-y  un\  settled 
by  evidence  and  by  observation  alone,  it  may  be  a  just  inquiry  as  to 
what  constitutes  observation  and,  alwve  all,  wliii  judges  the  evidence. 


552  THE    LAWS   OF    NATURE. 

If  the  kinetic  theory  of  gases,  for  instance,  is  a  matter  of  inference 
rather  than  of  observation,  are  we  Nure  that  we  have  a  better  guar- 
antee for  it  than  a  previous  century  had  for  phlogiston?  Our  good 
opinion  of  ourselves,  as  compared  with  our  scientific  fathers,  makes 
us  think  we  have.  Certainly  I  think  myself  that  we  have;  and  yet. 
remember,  it  is  the  same  human  nature  which  judged  that  evidence 
then,  that  judges  this  evidence  now,  and  remember  that  however 
rapidly  science  changes,  human  nature  remains  verj'  much  the  same, 
and  always  has  a  good  conceit  of  itself. 

While  we  are  venturing  to  utter  truisms,  I  repeat,  let  us  take  once 
more  this  one,  home  to  ourselves,  that  there  is  a  great  deal  of  this 
*human  nature'  even  in  the  best  type  of  the  scientific  man,  and  that 
we  of  this  twentieth  century  share  it,  with  our  predecessors,  on  whom 
we  look  pityingly,  as  our  successors  will  look  on  «s. 

L<et  us  repeat,  and  repeat  once  more,  that  though  nature  be  eKternal 
to  ourselves,  the  so-called  'laws  of  nature'  are  from  within— laws  of 
our  own  minds — and  a  simple  product  of  our  human  nature.  Let  us 
agree  that  the  scientific  imagination  can  suggest  questions  to  put  to 
nature,  but  not  her  answers.  Let  us  read  Bacon  again,  and  i^^ree 
with  him  that  we  understand  only  what  we  have  observed.  Finally 
let  us  add  that  we  never  understand  even  that,  in  the  fullness  of  its 
meaning,  for  remember  that  of  all  the  so-called  laws  of  nature,  tht- 
most  constantly  observed  and  the  most  intimately  and  personally 
known  to  us  are  those  of  life  and  death — and  how  much  do  we  know 
about  the  meaning  of  thetnf 
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THE  CHILDREN'S  ROOM  IN  THE  SMITHSONIAN 

INSTITUTION.' 


By  Albert  Bigelow  Paine. 


(Adkplcd  by  Ihe  milhor,  from  hia  article  in  SI.  NIcbolu  lor  Seplember.  1901.] 

it  was  Mr,  S,  P.  Langley,  the  Secretary  of  the  Smithsonian  Institu- 
tion, who  had  personally  ordered  and  arranged  several  successive 
attempt::!  to  make  exhibitions  for  the  especial  benefit  of  children,  little 
children,  who  did  not  care  for  long,  hard  names,  and  who  could  not 
see  objects  on  high  shelves. 

An  attempt  which  he  wished  to  be  final  was  made,  but  he  could  not 
persunally  oversee  the  worfc  of  preparation,  and  when  he  did  look  into 
it  bo  was  dissatisfied.  There  were  a  good  many  things  in  the  cases 
that,  as  one  of  the  children,  he  did  not  care  for.  Clearly  something 
must  )>e  done. 

Dr.  Langley,  as  Secretary,  appointed  himself  as  honorary  curator 
of  the  children's  exhibit,  with  instructions  to  see  that  a  room  was 
reserved  and  properly  prepared  for  little  children  who  wished  only  to 
look  and  wonder,  and  find  out  such  things  as  little  people  most  want 
to  know.  The  appointment  was  a^^'cepted  by  him  in  the  following 
terms: 

The  Secretary  of  the  Smithsonian  Institution  has  been  pleased  to 
confer  upon  me  the  honorable  but  arduous  duties  of  the  care  of  the 
('hildren  s  Room.  He  has  at  his  service  so  many  men  learned  in  nat- 
ural history  that  I  do  not  know  why  he  has  chosen  me,  who  knon  so 
little  about  it.  unless  perhaps  it  is  )>ccause  these  gentlemen  may  pos- 
sibly not  be  also  learned  in  the  ways  of  children,  for  whom  this  little 
room  is  meant. 

It  has  been  my  purpose  to  deserve  his  confidence,  and  to  carry  out 
what  I  believe  to  oe  nis  intention,  bv  identifying  myself  with  the 
interests  of  my  young  clients.  Speaking,  therefore,  in  their  behalf, 
and  as  one  of  them,  I  should  sav  that  we  never  have  a  fair  chance 
in  museums.  We  can  not  see  the  things  on  the  top  shelves  which 
only  grown-up  people  arc  tall  enough  to  look  into,  and  most  of  the 
things  we  can  see  and  would  like  to  know  about  have  Latin  words 
on  tncm  which  we  i^annot  understand;  some  things  we  do  not  care  for 
at  all,  and  other  things  which  look  entertaining  have  nothing  on  them 
to  tell  us  what  they  are  about. 
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In  that  greiit  work,  our  very  highest  authority  on  the  Kubjeot  (^n€'y 
we  say  thut  "The  Swiss  Fumily  Robinson"  is  meant  0*  we  hav«  alt^-uy 
taken  uniiiixt'd  delight,  although  some  people  say  that  so  many  kint 
of  interesting  )>easts  couM  never  really  have  been  in  one  island.  i 
there  are  any  errors  there,  though,  we  do  not  love  it  for  them,  l>ut  f<> 
its  good  qualities,  and  the  first  of  these  is  that  it  interes^tH  us  ai 
through.  We  think  there  is  nothing  in  the  world  more  entertainiiij 
than  birds,  animals,  and  live  things;  and  next  to  these  is  our  intcri^.'^ 
in  the  same  things,  even  though  tney  are  not  alive;  and  next  to  this  i.- 
to  read  about  them.  All  of  us  care  about  them,  and  some  of  us  hopt 
to  care  about  them  all  our  lives  long.  We  are  not  very  much  inter- 
ested in  the  Latin  names,  and  however  much  they  may  mean  to 
grown-up  people,  we  do  not  want  to  have  our  entertainment  spoiled 
oy  its  being  made  a  lesson. 

Now,  I  entirely  agree  with  my  small  friends  so  far,  but  I  will  add 
something  that  they  only  dimly  understand  and  that  some  of  their 
instructors  do  not  understand  at  all.  It  is  that  to  interest  the  youn^ 
minds  in  such  things  is  to  lay  the  foundation  for  more  seriou.s  study 
in  after  life.  There  are  spots  in  the  sun.  and  even  the  "Swiss  Fani- 
ily  Robinson"  is  not  quite  perfect  as  an  authority  in  natural  history; 
but  the  "child  is  father  to  the  man,''  tnd  many  a  young  naturalist 
would  never  have  been  a  student  of  nature  at  all  if  he  b^  not  owed 
his  first  impulse  to  some  such  work  as  that,  or  to  the  sight  of  things, 
like  those  in  the  Children's  Room,  arranged  for  the  same  minds  that 
delight  in  the  hook. 

Some  great  philosopher  has  said  that  "Knowledge  begins  in  won- 
der," and  there  is  a  great  deal  in  the  saying.  If  I  may  speak  of 
myfielf,  I  am  sure  I  remember  how  the  whole  studies  of  my  life  have 
been  colored  by  one  or  two  strong  impressions  received  in  childhood. 
The  lying  down,  as  a  child,  in  a  new  England  pasture  and  looking  at 
the  mysterious  soaring  of  a  hen  hawk  far  above  in  the  sky  has  led  me 
to  give  many  year.s  of  mature  life  to  the  study  of  the  subject  of  trav- 
eling in  air;  and  puzzling  altout  the  way  the  hotbed  I  used  to  see  on 
the  farm  kept  the  early  vegetables  warm  under  it«  glass  i-oof  ha-s  led  to 
many  years  of  study  in  after  life  on  the  way  that  that  great  hotlwd,  the 
earth,  is  kept  warm  bv  its  atmosphere;  and  so  on  with  other  things. 

I  wish  that  all  children  might,  as  they  grow  older,  learn  the  sense 
of  the  poet  who  has  said: 

Who  IB  the  happy  warrior?    Who  is  he 
That  every  man  in  arms  ahould  wieh  to  be7 
It  in  the  generous  epirit  who,  when  brought 
AnioHK  the  tasks  of  real  life,  liath  wrought 
Upon  the  plan  that  pleased  hi§  boyiiili  thought 

Doctor  Langley  has  thus  told  us  of  his  appointment  as  curator  of  the 
children's  room,  but  he  ha.s  not  told  us  of  what  long  years  of  preparation 
have  been  crystallized  into  this  apparently  simple  tajik,  what  patient, 
thoughtful  work  in  every  department  and  detail,  with  the  interest  and 
the  entertainment  of  the  child  always  in  view. 

After  accepting  this  somewhat  arduous  and  wholly  portionless  ta.sk, 
he  undertook  to  do  his  Ijest  to  have  such  a  place  provided  and  install 
in  it  only  such  things  as  his  friends,  the  other  children,  would  like.         ' 
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It  WHH  lit  onco  determined  thnt  the  room  to  Iw  assigned  to  thitt  pur- 
ix>sc  iiiu»t  be  11  HDiull  one;  ti  lar^ro  room  would  iiicun  u  largo  collection, 
and  this  in  return  woilld  ntsult  in  confused  and  hasty  cxoiainatiim  and 
tho  disL^ouragement  of  the  child.  It  must  be  a  cozy,  pleai^ant  room, 
with  plenty  of  light  and  pretty  things,  as  well  as  a  (collection  of  speci- 
1nen^^,  not  many  in  number,  but  each  object  chosen  just  to  ^ivc  the 
.  child  pleasure.  If  the  child  received  instruction,  too,  well  and  good; 
but  first  of  all  he  must  be  attracted  and  pleased,  and  made  to  wonder, 
for  in  wonder  lie  the  beginnings  of  knowledge. 

This  was  the  Secretary  and  Honorary  Curator's  idea;  and  with  the 
gladly  and  heartily  given  help  of  ornithologist,  zoologist,  mineralo- 
gist, of  the  whole  staff  of  the  Institution  in  fact,  his  plans  for  a  chil- 
dren's room  in  the  Smithsonian  have  been,  and  still  are  being,  carried 
to  suwessf ul  realization. 

Located  just  across  from  the  main  entrance,  it  is  a  sunny  little  spot, 
with  doors  and  windows  opening  to  clambering  vines,  grass  plots,  and 
happy  trees,  where  in  summer  arc  birds  that  build  and  sing.  It  was 
June  when  I  saw  it,  and  perhaps  this  is  the  choicest  time  to  go;  but 
even  dark  days  and  cold  will  not  keep  us  from  feeling  the  cheer  of 
riotous  vines  and  singing  birds. 

For  they  are  within  as  well  as  out.  The  ceiling  is  painted  to  repre- 
sent a  vine-clad  arbor,  with  sky  spaces  through  which  birds  of  gayest 
plumage  seem  to  look  down  on  friends  and  relatives  liolow. 

Indeed,  a  nunil>er  of  living  relatives  are  just  below,  where  four  gilt 
cages  of  song  supply  a  never-ending  chorus  of  nations,  the  little 
singers  having  iM^en  chosen  from  the  many  far  and  near  cornersof  the 
whole  earth. 

Our  own  rcdbird,  or  cardinal  grosbeak,  is  there,  as  well  as  the  South 
American  cnrdinal  of  Brazil;  bullfinches  and  goldfinches  from  Europe; 
the  Japanese  robin,  who  is  really  not  Japanese  and  not  a  robin,  hut  a 
very  nice  bird  from  India;  .some  weaver-birds  from  Africa;  some 
Javan  sparrows  from  the  l<^t  Indies,  and  some  Australian  ^rrass-par- 
rakeets,  such  as  arc  trained  and  used  by  street  seers  for  telling  for- 
tunes. They  are  a  happy  congress,  and  it  grieves  me  to  relate  how 
two  little  cages  contain  but  one  bird  each,  a  certain  canary  and  a 
hybrid  goldtinch,  whose  names,  for  their  parents'  sake,  I  will  not  give, 
but  who  proved  to  be  so  wicked  and  quarrelsome,  and  made  the  others 
all  so  very  unhappy,  that  they  must  now  live  each  to  himself,  alone, 
and  yet  near  enough  to  see  the  happiness  of  the  others,  who  all  day 
long  play,  and  visit,  and  sing  in  undisturbed  harmony. 

Below  the  singing  birds  are  the  aquariums,  a  salt-water  glass  tank, 
and  a  most  perfect  fresh-water  aquarium,  so  simply  and  carefuil}' 
arranged  that  even  the  very  little  child  may  look  and  love  and  wonder 
from  every  side,  where  pretty  bright  fishes  and  tmby  turtles  wave  and 
dart  and  pavldle  amid  feathery  green  and  over  the  pebbly  beds.--  i 
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The  aquariums  and  the  gfilt  cages  arc  the  eentor  of  the  room,  and, 
because  of  the  happy  ^'a^icoIored  life  they  contain,  must  always 
remain  the  true  center  of  attraction  to  little  folks— the  point  to  wbidt 
they  will  turn  and  return,  ^rain  and  yet  again,  from  the  fascinating 
and  even  more  marvelous,  but  uilent.  wonders  in  the  cases  along  the 
walls. 

The  cases  themselves  are  quite  low,  even  the  top  shelves  Wing 
within  reach  of  younger  eyefl.  Arranged  alxtve  them  area  mimlwr  of 
prints  and  water-color  paintings,  in  which  some  of  the  furred  and 
feathered  creatures  below  are  shown  in  action;  and  thin  idea  is  to  be 
carried  still  further  in  the  panels  of  the  wall,  for  these  in  course  of 
time  are  to  be  tilled  with  interesting  and  lifelike  pictures  by  artists 
who  paint  lovingly  their  friends  of  the  wood  and  field. 

But  it  is  within  the  c&scs  that  the  child  will  find  the  true  soul  and 
purpose  of  the  Children's  Room.  Often  he  may  turn  to  the  singing 
birds  and  the  darting  fish  for  refreshment,  but  with  the  wonders  along 
the  wall  he  will  linger,  and  the  memory  of  them  will  cling  and  blend, 
and  so  become  a  part  in  his  life  that  shall  not  perish  or  grow  dim. 

In  speaking  of  the  young  observer  in  this  article  as  "  he,''  I  do 
not  wish  it  to  be  understood  that  the  room  is  not  fully  as  interesting 
and  valuable  to  little  girls.  1  am  only,  for  the  most  part,  picturing  a 
boy,  such  as  "the  one  I  knew  best,"  who,  a  good  many  years  ago,  was 
obliged  to  learn  a  good  many  things  vaguely  and  at  long  range.  I 
find  that  he  is  still  hungry  to  know  some  of  the  things  he  never  t-ould 
find  out  then,  and  I  am  fancying  what  he  might  have  felt  and  done  if 
in  that  far-away  time  be  had  found  himself,  all  at  once,  among  those 
precious  cases. 

They  are  arranged  as  a  child  would  wish  them,  and  he  will  begin, 
perhaps,  with  those  on  the  left  as  he  enters — the  cases  of  the  birds. 
At  the  first  of  the.se  he  will  linger.  Within  are  the  "Largest  and 
smallest  birds  of  prey."  He  will  look  at  the  great  condor  of  the 
Andes,  and  the  l>ald  eagle,  and  then  at  the  tiny  sparrow  hawk;  and  he 
will  wonder  why  these  are  so  big  and  that  so  little,  and  if  the  liald 
eagle  could  whip  the  condor  in  a  fair  fight.  He  thinks  it  likely, 
because  the  condor  has  blunt  claws — so  blunt,  the  card  say.s,  that  he 
can  not  carry  oflf  the  big  animals  he  sometimes  kills.  The  condor  is 
bigger  than  the  bald  eagle,  but  he  is  not  so  good  looking,  and  the 
child  does  not  like  him.  He  likes  much  Ijetter  the  largest  owl,  thf 
great  eagle  owl,  who  lives  in  the  vast,  trackless  woods  of  northern 
Europe  and  Asia^ — a  monarch  of  the  far,  dim  stillnu.ts;  and  if  'he  child 
is  a  little  girl,  she  adores  the  .smallest  of  hie  i-ace.  the  tiny  elf  owl. 
who  might  well  be  a  real  sprite  to  dart  from  the  leafy,  dewy  tangle  of 
evening. 

The  small  observer  passes  on.  *'  Some  Curious  Birds"  come  next, 
and  be  must  see  them,  even  if  be  has  to  come  back  to  the  bald,eaKle 
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and  the  condor,  and  the  different-sized  owls,  by  and  by.  He  wonders 
and  l8Ugbs,  too,  at  the  curious  birds.  Truly  they  are  a  funny  lot. 
8ome  of  them  have  fans  that  fold.  Others  have  veils,  aprons,  i-rowns, 
lappetw,  armor,  and  what  not.  The  toucan  has  such  an  absurd  big  bill. 
The  black  skimmer's  flat  bill  is  set  the  wrong  way.  A  queer  paradise 
bird  has  one  tail  where  it  should  be,  besides  two  very  long  tails  that 
are  half  saw  and  half  feather,  and  that  start  from  behind  his  ears. 
Then  there  is  a  row  of  little  bat-parrakeets  that  sleep  with  their  heads 
banging  down.  The  child  wonders  why  the  blood  doesn't  run  to  their 
heads,  and  how  the  umbrella  bird  can  see  through  the  thick  tangle  of 
his  head  covering.  Almost  all  the  curious  birds  have  funny  attach- 
ments, something  they  don't  seem  to  need^all  except  the  poor  apteryx 
from  Australia,  who  has  much  less  than  he  should  have,  because  he  is 
left  over  from  some  undeveloped  age,  with  paltry,  half-formed  feath- 
ers, and  no  wings  at  all.  The  child  pities  the  apteryx— he  looks  so 
timid  and  sorry — and  the  card  tells  us  he  is  often  killed  by  dogs, 
because  he  can  not  fly.  He  is  so  different  from  bis  line  neighbor,  the 
laughing  jackass,  whose  expression  is  always  humorous,  and  who  seems 
always  about  to  make  merry  with  the  whole  queer  lot. 

Just  below  these  is  a  shelf  of  '•  Bright-colored  Birds."  If  the  child 
is  a  little  girl,  here  she  will  linger  long.  The  vividly  blue  cotinga  of 
British  Guiana,  the  beautiful^the  most  beautiful^parnikeet,  the  rose 
cockatoo  of  Australia,  the  elegant  minivet,  and  the  crimson- winged 
lory— these  she  will  love  with  all  her  inborn  adoration  of  beautiful 
adornment,  and  yearn  for  them  in  her  dreams.  1  hope  she  will  not 
want  the  wings  for  her  hat,  but  1  should  hardly  blame  ber  if  she  did, 
for  their  beauty  is  the  splendid  and  lavish  kind  that  nature  gives  to 
flowei-s,  and  that  nature,  and  nature  only,  has  ever  learned  how  to 
bestow.  To  me  the  mandarin  duck  seems  the  gem  of  this  collection — 
a  fowl  whose  dress  is  so  Chinese  in  its  cut  and  coloring  that  one  won- 
ders whether  he  has  really  imitated  the  mandarins  or  they  him. 

And  now  come  the  "Common  Birds  of  Eui-ope"  and  the  "Familiar 
Birds  of  the  United  States."  The  child  has  yearned  long  to  see  the 
raven,  the  magpie,  the  starling,  and  the  jackdaw  of  his  storybooks,  and 
the  English  lark  and  ixtbin  from  which,  long  ago,  our  native  meadow 
singer  and  redbreast  were  named  by  a  people  heartsick  and  homesick 
for  their  own  far  lands.  The  curlew,  the  rook,  and  the  lapwing,  these, 
too,  are  among  the  European  birds,  while  the  phcebe,  the  bittern,  the 
kingfisher,  the  bobwhite,  and  the  bobolink  are  among  their  Amer- 
ican cousins,  as  well  as  our  own  lark  and  robin,  not  forgetting  the 
beautiful  but  cruel  blue  jay,  and  the  tiny  ruby-throated  bumming 
bird,  so  familiar  to  us  all. 

The  child  is  proud  of  his  own  birds.  Perhaps  he  wishes  they  were 
more  gaudily  colored,  and  wonders  why  parrakeets  and  pink  cockatoos 
do  not  dwell  in  his  own  woods  and  fields.    Still,  there  is  the  gay  car- 
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dinal  and  the  pretty  bluebird,  whoae  color  is  like  a  bit  of  sky.  The 
child  is  glad  to  »ee  that  of  the  poetical  quotations,  and  a  number  of 
these  are  in  various  cases,  there  is  a  special  one  for  the  bluebird — 
the  pretty  lines  by  Eben  Rexford: 

Hear  it  ^wn  above  ue, 

And  see  what  a  flatter  of  win^; 
The  bluebird  knows  it  is  April, 
And  soars  to  the  sun  and  sings. 

In  the  case  next  to  this  are  "  Birds  with  Curious  Nesta  and  f^jga." 
The  heart  of  the  small  observer  finds  great  joy  in  this  caue.  The 
smallest  and  largest  nggs  in  the  world,  those  of  the  humming  bird  and 
the  giant  ostrich,  or  ^py(/mM,  of  Mad^^ascar,  who  no  longer  livca, 
but  whose  eggs,  that  were  more  than  a  foot  in  length,  are  still  to  be 
discovered. 

The  child  ponders  long  over  these  eggs.  The  card  tells  him  that 
the  ^pffomix  ttnd  the  great  ixk^  of  his  storybooks  are  believed  to  be 
the  same  bird.  He  wonders  how  many  times  larger  the  big  egg  is 
than  the  little  one.  If  he  asks,  as  I  did,  be  will  be  told  that  it  U 
about  thirty  thousand  times  as  big,  and  he  will  picture  to  himself  the 
great  bird,  as  tall  as  a  tree,  sweeping  over  the  sands  with  furlong 
strides. 

Within  this  case,  too,  are  other  curious  eggs,  large  and  small,  includ- 
ing those  of  the  eagle,  the  ostrich,  and  the  great  moa  of  New  Zealand, 
while  among  the  curious  nests  the  child  sees  the  homes  of  the  hang- 
bird,  the  weaver  bird,  and  the  tailor  bird.  Much  and  long  he  wondei-s 
how  these  clever  house  builders  wound  in  and  out  the  threads  and 
fibers  of  their  marvelousty  built  homes.  But  just  below  there  is  a 
nest  with  eggs.  It  is  not  a  curions  nest,  but  built  in  a  curious  place — 
in  a  skull,  in  fact,  and  it  is  the  nest  of  the  tiny  house  wren. 

And  now  beyond  thei^e  come  the  "water  birds" — the  great  albatross, 
which  perhaps  the  child  remembers  as  having  been  shot  by  the  Ancient 
Manner;  the  king  penguin  of  the  far  white  south,  the  white  egret, 
hunt«d  for  his  rare  plumage,  and  the  scarlet  ibis,  whose  flaming  feath- 
ers make  him  a  shining  mark  for  death. 

The  child  is  sorry  that  these  rare  birds  are  killed  for  their  wings 
and  plumes.  If  a  little  girl,  perhaps  she  resolves  never  to  wear  them. 
She  remembers  that  birds  have  little  folks,  too,  and  she  wonders  what 
becomes  of  them  when  the  parent  bird  is  shot  down  and  can  never 
return  to  them  with  food. 

But  at  the  next  case  these  things  are  forgotten.  At  the  top  instead 
of  a  picture  there  is  a  lyre  bird,  with  his  tall  magnificent  tail,  and  a 
mounted  beaver.     The  child  remembers  that  Hiawatha  was  taught 

How  the  beavers  built  their  lodges. 
He  thinks  this  must  be  one  of  the  same  beavers  and  wonders  if  it  is 
full  grown  and  how  it  is  he  4.-an  use  his  tail  to  build  with. 
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EUROPEAN  ROBIN. 
Erithacus  rubecula  (I.inn.). 


IJORIN    RliDIiREAST.— One   of 
the  best  beloved  birds  of  ling- 
laiid.     This  is  the  bird  of  the  ballad 
of  the  Bn/>cs  in  tlic  H^ooii : 

"No  linrial  this  jiretly  |«iir 
I'mtii  liny  man  receives, 
'I'ill  robin  roribreast,  iiiotisly. 
Did  cover  tlium  with  leaves." 
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Above  the  beaver  ia  u  fine  -"pray  of  peacock  plumes,  and  in  the  case 
K!iieath  him  a  kitec-arryinga  snake,  some  bower  birdu  with  their  play- 
louse.  and  some  ptarmigan.-*  in  both  winter  and  summer  dretis.  The 
■hild  rejoices  in  the  bower  birds.  He  has  a  little  book  with  a  picture 
tf  thorn,  but  here  they  are  at  home  with  their  playthings.  There  are 
everal  of  them,  and  be  wonders  if  they  have  invited  in  friends  to  see 
iiid  play  with  the  pretty  shells  and  colored  glass  they  have  found. 

But  the  ptarmigans  he  can  hardly  believe  real,  their  winter  dress  is 
lo  snow-white,  while  in  their  summer  plumage  they  are  so  brown  and 
nettled,  like  a  pheasant.  Still,  the  cards  tell  htm  they  are  the  same, 
md  though  he  wonders  much,  yet  he  must  believe. 

Then  he  passes  on  to  "How  Creatures  Hide,"  the  Children's  Room 
name — and  a  very  happy  one — for  protective  mimicry.  Here  the  leaf 
insects,  that  are  so  like  the  leaves  about  them  as  to  make  the  observer 
almost  "give  it  up"  before  he  discovers  that  some  of  the  leaves  open 
and  form  wings,  while  beneath  others  there  lie  curious  creatures  so 
near  in  shape  and  color  to  their  hiding  pla<'e  that  only  the  sharpest 
eyes  will  iind  them.  Nests  there  are,  too.  that  might  well  be  a  part  of 
the  limb  that  holds  them;  and  lienoath,  in  a  box  of  sand  and  pebbles, 
are  iwme  terns'  eggs  and  young.  And  the  yuung  terns  are  so  like  the 
eggs,  and  the  eggs  so  like  the  pebbles.  lh:it  even  after  he  sees  them  he 
must  take  a  second  and  a  third  look  to  make  sure. 

And  now  there  is  a  case  of  "Pretty  Shells"  and  "Strange  Insects." 
The  wonderful  coloring  of  the  sea  has  found  its  way  into  the  shells, 
while  the  hues  of  the  air  have  tinted  the  wings  of  butterflies  moi-e  rare 
than  any  the  child  has  ever  chased  or  captured.  The  child  looks  long- 
ingly at  this  collection.  There  are  some  things  here  he  would  like  to 
have.  But  the  centipede,  and  the  tarantula  with  the  i>oor  little  bird 
it  has  captured  and  poisoned  to  death,  make  him  shudder.  He  is  close 
enough  to  these,  and  he  is  glad  they  are  dead.  He  wonders  why  they 
must  ever  live  at  all. 

C'/orals  and  sponges  have  their  separate  case,  and  the  specimens  range 
from  the  great  brain  coral  and  Neptune's  cup  to  the  delicate  and  beau- 
tiful Venus's  flower  basket,  a  superb  white  sponge  f  i-om  the  Philippine 
Ishinds. 

And  now  the  child  has  reached  the  last  case  in  the  room.  It  con- 
tains "  Minerals  and  Fossils,"  and  here  are  some  things  that  make  him 
wonder  indeed.  On  a  block  lies  a  piece  of  flexible  sandstone  that 
bends  by  its  own  weight  Near  by  is  a  true  model  of  the  largest  lump 
of  gold  ever  found  in  the  world,  and  of  the  largest  diamond  ever  cut. 
His  eyes  dwell  long  on  these  things.  He  wondei-s  about  their  value, 
and  if  the  people  who  found  them  were  very  poor,  and  how  happy 
they  must  have  been  with  that  great  lump  of  gold  and  with  that  splen- 
did diamond.  Some  day  he  will  go  out  into  the  wild  mountains  and 
Iind  gold  and  diamonds  too.     He  wonders  just  where  he  ought  to  look        i 
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for  tnem.  Then,  an  at  once,  qU  eye  catcDeH  some  woven  and  spun 
asbestos,  that  nobody  can  burn  up,  no  matter  bow  hot  the  fire  is,  and 
be  thinks  he  would  like  a  suit  of  this  material,  and  so  become  a  fire- 
man, and  live  happy  ever  after.  And  now  the  child  has  finished  thf 
circuit  of  the  room.  He  turna  once  more  to  the  song  birds  and  dart- 
ing fish,  and  before  be  goes  be  must  have  one  more  look  at  the  cases. 
The  owls,  the  swallows,  the  niprht  hawk,  and  the  whippoorwiU — sucli 
things  as  these  he  baa  been  glad  to  see  at  close  range.  Heretofon 
they  have  been  to  him  but  as  darting  shadows,  or  weird  voices  from  th« 
dusk  of  evening.  He  has  seen  swallows  circling  about  the  chimney  al 
nightfall,  diving  in  one  by  one,  and  he  has  heard  them  cuddling  cotsily 
together  at  bedtime.  Now  for  the  first  time  he  knows  just  how  they 
look,  just  how  they  build  their  nests,  and  how  they  cling  to  the  rough 
brick  with  feet  that  are  set  too  far  Iwick  on  their  bodies  for  them  ever 
to  perch  on  a  limb  without  toppling  over. 

And  the  child  goes  home  at  last,  glad,  and  witb  knowledge,  and  the 
love  of  knowledge,  in  his  heart.  He  is  happy,  and,  because  hi.s  won- 
der has  been  aroused,  he  has  learned.  Unless  he  is  a  very  small  child, 
he  has  been  able  to  read  the  large,  clear  type  of  the  simply  wordtJ 
labels,  on  which,  with  one  exception,  there  are  no  more  Latin  narne^ 
The  exception  is  made  in  favov  of  a  very  small  humming  bird,  wbo 
bears  bravely  his  technical  title,  Rhampbomicmn  raicrorhynchum,  lef: 
by  the  honorary  curator  as  the  best  explanation  of  why  be  has  not 
retained  the  others.  Of  all  the  rest  the  common  names  only  are  given: 
and  where  no  common  name  exists,  a  literal  translation  of  the  L^tio 
name  is  made.  All  the  labels  the  child  has  been  able  to  read,  and  he 
is  not  wearied,  and  he  has  not  been  puzzled  or  confused. 

Perhaps  the  child  who  has  passed  an  hour  or  two  in  this  room  full 
of  interest  and  pleasure  does  not  know  or  care  to  whom  his  happines.- 
and  his  thanks  are  due.  It  does  not  matter.  If  he  only  caret;  for  the 
thing  itself,  cares  enough  to  come  again,  and  perhaps  bring  his  par- 
ents, that  they  too  may  look  and  learn  with  young  eyes  (and  if  he  i$ 
the  child  most  of  us  have  known  beat,  be  will  do  this),  the  Secretary 
and  Honorary  Curator  will  be  amply  repaid. 

Doctor  Ijangley  has  strenuously  opposed  all  appreciative  mention 
of  himself  in  this  paper,  and  it  is  only  through  my  most  urgent 
insistence  that  I  have  been  permitted  to  let  any  portion  of  the  meager 
justice  of  the  original  article  escape  the  sacrifice  demanded  by  the 
modest  Oui-ator. 

I  note  with  pleasure  the  addition  of  the  beautiful  color  plates  of  the 
butterflies,  insects,  humming  birds.  Mandarin  duck,  etc.,  which 
deserve  mention  not  only  because  of  the  fascinating  subjects  which 
they  poi-tray,  but  because  they  represent  the  very  latest  development^ 
in  the  art  of  color  reproduction.  My  only  regret  is  that  these  hand- 
some illustrations  could  not  be  presented  to  the  readers  of  St.  Nicho- 
las, in  which  the  original  article  appeared.  ^ 

ng.lzcd.vCjOOgIC 
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SALT  AND  ITS  PHYSIOLOGICAL  USES.' 


By  M.  A.  Dastre. 


Salt  is  a  universal  commodity.  It  seems  to  have  been  used  almost 
without  exception  in  all  places,  times,  and  civilizations.  To-day  it 
sQa:jons  the  wretched  meal  of  the  Soudan  negro  and  the  carefully 
selected  repast  of  a  European  table.  We  find  the  same  predilection 
for  its  use  as  far  back  in  history  as  we  can  po.  The  Jews  offered  it  to 
Jehovah  with  the  first  fruits  of  the  harvest  and  the  fruits  of  the  earth; 
Homer  calls  it  divine  and  chronicles  its  use  in  the  repasts  of  his 
heroes;  Tacitus  tells  of  furious  wars  l)etween  the  Germanic  tribes  for 
the  posseHsion  of  salt  springs  near  their  territories. 

Indeed,  men  have  recoiled  before  no  hardship,  no  sacrifice,  and  no 

danger  to  procure   this  precious   substance.     They   have   sought  to 

obtain  it  by  war,  by  fraud,  by  the  fatigue  of  long  journeys.     Some 

very  primitive  peoples  have  been  remarkably  ingenious  in  methods  of 

procuring  it  for  their  own  u.se;  for  example,  the  aboriginea  of  the 

Sunda  Islands  have  invented  rude  chemical  processes  for  extracting  it 

from  the  mud  about  their  mangrove  trees.     Mungo  Park  saw  the 

inhabitants  of  the  coast  of  Sierra  Leone  give  all  that  they  possessed, 

even  their  wives  and  children,  to  obtain  it.     It  is,  in  fact,  an  object 

of  so  general  consumption,  so  necessary  to  man,  that  it  affords  an 

assured  medium  of  exchange,  and  that  is  what  is  meant  when  we  say 

that  salt  has  been  used  and  is  still  used  for  money.     This  is  true  for 

the  different  countries  in  central  Africa.     It  was  the  same  in  ancient 

times,  and,  since  the  Roman  soldier  received  in  his  ration  salt  as  well 

an  oil,  meat,  and  cheese,  his  compensation  took  the  name  of  xalarij,  a 

name  extended  later  to  all  stipulated  wage  for  material  work. 

The  need,  the  hunger  for  salt  is  not  tronfined  to  man.  Many 
aniraaUseek  this  sulwtance  with  avidity."  Uuffon  wrote:  "Nothing 
pleases  the  appetite  of  sheep  more  than  salt."  Barrall.  Botissingault, 
and  Desoive  have  informed  us  that  cattle  may  suffer  cruelly  from  a 

■Tranalsted  and  condensed  from  the  Revue  des  Deux  Mondea  for  1901,  Vol.  I, 
pp.  1U7-227. 
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lack  of  salt,  and  that,  on  the  other  hand,  toey  thrive  when  it  is  add! 
to  their  ration.* 

Reindeer  and  red  and  roe  deer  love  to  lick  the  surface  of  bract  ■ ! 
puddles  and  rwline  efflorexcencGS.  In  all  climates,  in  all  latitudes,  v  I 
ruminants  and  other  hoofed  animals  resort  to  salt  licks,  a.  cint.  i 
stance  of  which  hunters  take  advantage,  choosing  their  ahooting-cov-i 
either  where  salt  naturally  effloresces  or  where  they  themselves  harl 
scattered  it. 

A  predilection  so  gcnerst  and  an  appetite  so  imperative  can  not  '• 
considered  as  mere  accidente.  They  doubtless  correspond  to  a  natun 
need  of  the  system.  Modem  physiology  has  attempted  to  discovert 
reason  for  their  existence  which  must  be  profoundly  based  in  the  sn 
mal  organization.  It  has  asked  why,  among  the  mineral  sulK>taiM>; 
that  form  a  part  of  our  food,  some  of  which  enter  much  more  ext€c- 
sively  into  the  constitution  of  our  tissues,  common  salt  should  be  6 
only  one  that  man  artificially  adds  to  his  natural  aliment  The  ssIIm! 
lime  and  the  phosphate  of  soda,  for  example,  which  compose  so  la^ 
a  part  of  the  skeleton  or  of  the  liquids  of  our  economy,  are  not  ik*-: 
at  all  in  cookery.  If  we  sometimes  use  them  in  an  isolated  state  it  i- 
merely  us  medicines.  What  is  the  reason  for  this  instinctive  wi 
peculiar  employment  of  common  salt  over  and  above  the  quantiu 
natumtly  contained  in  foods?  This  brings  up  the  more  general  q«i^ 
tion  of  the  part  which  salt  plays  when  once  introduwd  into  theorgio 
ism;  of  the  physiological  phenomena  in  which  it  participates;  in  a 
word,  of  the  evolution  which  it  undergoes.     •    •    • 

I. 

Salt  was  first  used  as  an  aliment  at  the  time  of  transition  from  tbe 
pastoral  and  nomadic  stage  to  scdentaiy  and  agricultural  life.  Hie 
Indo-European  languages  have  no  common  word  to  designate  salt, 
nor  have  they  any  for  the  gi-eator  number  of  the  objects  that  relate  to 
^rieulture.  But,  on  the  other  hand,  they  have  comn>on  roots  for  all 
words  relating  to  pastoral  occuimtions.  We  may  see  in  this  an  indi- 
cation that  the  primitive  [>eoples  from  which  our  modern  mcea  sprang 
were  separated  before  they  almndoned  a  pastoral  life.  They  did  not 
learn  the  art  uf  agriculture  until  lator,  and  with  it  they  learned  tbe  use 
of  salt. 

There  arc  populations,  ethnic  groups,  and  <ustcs  that  have  oever 
adopted  it.  The  Egyptian  priests  did  not  salt  their  food.  Plutarch 
was  astonished  at  this  strange  disdain.  Sallust  says  that  the  Numiil- 
ians  did  not  care  for  salt:  Nerjue  siihm,  tierjim  u/ia  irrltaiiienta  gvUe 
quxrehniit.     And  in  the  same  way  we  see  around  us,  side  by  side  with 

■In  practical  a^culture  it  i»t^nerat1y  admitted  that  there  ehouli)  be  ^ven  to 
each  gbi'op  about  2  to  5  grama  o[  salt  irt  Oay,  HO  to  -W  grams  to  a  horee,  60  to  100 
tj;ramH  t^i  an  ox.  Id  Euglaad  aud  in  Germany  t<1«ck  raisers  -much  eueed  these 
amountfl.  _  .tHWiC 
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-iixnals  of  tne  farm  that  are  very  food  of  it  the  dog  and  the  cat  that 

0  not  care  for  it  at  all. 

'X'hese  exceptions  have  been  for  a  long  time  considered  as  inexpli- 
a^Ue.  It  could  not  be  understood  how  the  need  for  salt  could,  in  cer- 
iiin  esses,  be  as  imperative  as  true  physiolt^ical  needs,  such  as  hunger 
.nd  thirst,  while  in  others  it  seemed  entirely  foreign  to  the  organism. 
V  learned  physiologist,  M.  Bunge,  of  Basel,  has  thrown  some  light 
ipon  this  obscure  question.  After  an  extensive  investigation,  othno- 
rraphic,  historic,  and  geographic,  he  has  drawn  the  primary  concluijion 
^hst  tJie  use  of  salt  is  connected  with  the  kind  of  diet.  Salt  is  a  neces- 
su.ry  complement  to  a  vegetarian  regimen.  Among  animals  it  is  the 
herbivora  that  seek  it  with  avidity.  Camivora  are  indifferent  to  it  or 
even  regard  it  with  disgust.  Among  men  the  appetite  for  this  season- 
ing exists  especially  in  those  whose  food  consists  of  leguminous  vege- 
tables and  cereals;  that  is  to  say,  among  agricultural  populations  or 

at  least  among  those  who  live  on  a  mixed  diet.  On  tlie  contrary,  those 
'  who  do  not  care  for  it  are  the  pastoral  tribes  that  live  upon  milk  and 

meat  that  they  derive  from  their  flocks  and  herds,  hunting  tribes  that 

subsist  upon  the  products  of  the  chase,  and  fishing  populations  who, 

1  although  they  dwell  by  the  sea  or  at  the  mouths  of  rivers,  where  they 
can  get  plenty  of  salt,  yet  do  not  use  it.  Now,  if  this  is  really  the  case, 
we  may  at  least  consider  that  the  correlation  between  these  two  phe- 

:  iiomena,  the  development  of  agriculture  and  sedentary  life  on  the  one 
hand  and  the  use  of  salt  with  the  food  on  the  other,  is  worthy  of 
investigation. 

All  the  nomadic  tribes  of  the  north  of  Russia  and  Siberia  abstain 
from  salting  their  food.  They  can  readily  obtain  salt;  for  deposits, 
efflorescences,  and  salt  lakes  abound  in  those  regions;  still  these  peo- 
ples, who  live  by  the  clia-so  and  by  Ushing,  have  a  decided  aversion  for 
this  condiment.  An  explorer  who  lived  a  long  time  with  the  Kamcha- 
dales  and  Tunguscs,  the  well-known  mineralogi.st,  0.  von  Ditmar, 
amused  himself  by  inducing  them  to  taste  the  salted  food  which  he 
himself  used  and  by  noting  the  expressions  and  grimaces  of  dislike 
whith  this  simple  seasoning  caused.  This  was  not,  however,  because 
these  people  had  an  excessive  delicacy  of  taste.  They  habitually  fed 
upon  an  unnamable  mixture  made  of  tish  ma-ssed  in  enormous  silos 
where  they  putrefied  at  leisure  awaiting  the  time  when  they  should  be 
witcn.  The  Russian  Government  desired  to  change  these  too  disgu.-4t- 
ing  and  unhealthy  food  habits.  It  taught  these  i>eoplc.s  the  art  of  salt- 
ing fi^  iM>  as  to  preserve  them  from  putrefaction,  establishing  for  this 
purpose  curing  stations  near  their  encampments  and  furnishing  them 
with  salt  at  nominal  price.  Vain  efforts!  These  docile  peoples  obeyed. 
They  salted  the  fish,  but  they  ate  them  not. 

Similar  examples  of  indifference  or  antipathy  to  this  apparently 
necessary  seasoning  are  found  in  other  latitudes.    The  Kirghiz^,^^Q|^ 
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Turkestan,  who  live  upon  milk  and  meat  in  their  salt  steppei^  d<> ' 
luio  tsult  at  nil.  The  l^douiiis  of  Arabia,  a<.'«ordin}r  to  \Vre<le.  fiud  c 
use  of  »alt  i-idiculouEi,  and  the  Nurnidians,  whom  Hallu^st  descriU~ 
disdaining  the  one  of  salt,  fed,  aix-ording  to  biii  t«8timony,  upon  a'. 
and  meat— /(«■/((  f6  cwnefLTaia. 

Africa  fiirmuheu  still  other  cxamplcjj  quite  an  demonstrative.  T: 
Scotchman,  Mungo  Park,  who  a  century  ^o  explored  the  region  & 
called  the  great  Iwud  of  the  Niger,  waa  struck  witli  tho  eageme-v  f- 
salt  shown  by  the  negro  agricultural  populations.  This  was  brou?! 
to  them  with  difficulty  and  sold  at  a  very  high  price  by  caravans  tiu 
obtained  It  from  Mauritania,  from  the  sebkha  of  Ijil,  lialfvray  hetwe-: 
Senegal  and  Morocco,  or  from  the  deposits  of  Taudeni  north  of  Tuh 
buktu.  "In  the  interior  countries,"  he  says,  "the  greatest  of  a 
luxuries  is  salt.  It  would  appear  strange  to  a  European  to  see  a  ciui 
suck  a  piece  of  rock-salt  as  if  it  were  sugar.  This,  however,  1  hsr 
frequently  seen,  although,  in  the  inland  parts,  the  poorer  class  ' 
inhabitants  are  so  very  rarely  indulged  with  this  precious  article,  tt»' 
to  say  a  man  cat^  salt  with  his  victuals,  is  the  same  as  saying,  hci-: 
rich  man.  I  have  myself  suffered  great  inconvenience  from  the  scaniT' 
of  this  article.  The  long  use  of  vegetable  food  creates  so  [tainfu! . 
longing  for  salt,  tliat  no  words  can  sufficiently  describe  it."  This  i,*** 
important  statement.  We  may  compare  it  with  an  observation  of  a' 
opposite  character  also  recorded  by  Bunge,  which  completes  and  sem- 
to  contirm  it.  It  i^elates  to  the  astronomer,  L.  Si-hwarz,  who,  aftf: 
living  some  three  months  with  the  Tunguses  of  Siberia  on  au  excluf^c 
diet  of  reindeer  meat  and  game,  lost  the  desire  and  the  liabit  of  addin;: 
salt  to  his  food. 

In  Amcritra  similar  observations  have  l>een  made.  At  the  time  of 
its  discovery  the  greater  number  of  the  tribes  of  North  America  livf»l 
by  the  chase  and  by  fishing.  They  used  no  salt,  although  it  was  verc 
common  in  their  prairies.  A  small  number  only  were  at  that  timt 
sedentary  and  agricultural.  These  were  fond  of  .salt  and  undertook 
frequent  wars  for  the  posses.iion  of  saline  springs.  Farther  south,  in 
Mexico,  a  sedentary  people  of  more  cultuiinl ihanicter  used  salt  regu- 
larly, while  in  the  Pampas,  covered  with  salt  lakes  and  efflorescences, 
the  Gauchos  s(.'ornc(l  a  vegetable  diet  and  the  salt  which  scaijoned  it  u 
food  fit  only  for  their  beasts. 

The  examination  of  what  has  occurred  in  the  people  of  the  Indian 
anhipelago  and  Austiulia  supports  anew  the  law  of  Bunge.  Evm 
where  it  is  the  jiopulations  devoted  to  agriculture  that  use  salt.  Even- 
where,  also,  jwoplcM  addicted  to  the  cha^e,  to  lishing,  or  to  a  paKtonl 
life  either  disdain  it  or  refuse  to  use  it.  Some  European  explorers 
who  have,  like  Schwarz,  adopted  an  animal  diet  have  become  accus- 
tomed to  do  without  salt,  while  others,  like  Mungo  Park,  reduced  to 
vegctalile  food  only,  have  endured  an  almost  painful,  hunger  for  this 
substance.  C'.dOgIc 
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n. 

Tliere  is,  then,  a  well-established  relation  between  a  vegetable  diet 
,d.  the  need  for  suit  and  retnprocally  between  an  animal  diet  and  the 
;<.-.!uMion  of  this  article  from  food.  We  must  now  push  the  matter 
ii'ttier  and  ask  the  reason  for  these  remarkable  relations.  Thi»  is  the 
rt»t)lfin  formulated  by  G.  Hungc,  who,  as  a  chemist,  has  advanced  a 
»sry  ingenious  theory  for  its  solution. 

The  answer  might  l)e  very  easy.  If,  for  example,  the  difference 
•etween  the  two  diets  was  that  of  a  difference  in  the  amount  of  salt 
vhich  they  respectively  containexl;  if  the  food  of  vegetable  origin  was 
>oor  in  common  salt  and  that  of  animal  origin  rich  in  that  sul>stance, 
.lie  solution  would  l>e  clear;  the  law  empirically  established  by  Bungc 
would  have  a  very  evident  explanation. 

But  the  matter  is  not  so  simple.  The  two  kinds  of  diet  are  not  distin- 
guirthed  from  each  other  by  the  quantity  of  salt  which  they  contribute 
to  the  organism.     In  fact,  both  kinds  are  very  poor  in  salt. 

If  we  examine  food  as  it  comes  from  plants  or  animals  we  Hnd  that 
the  greater  part  of  it  is  tasteless  and  insipid,  insuiBciently  salted  for 
our  taste.  The  albuminoids  of  meat,  the  fat-4,  the  stai'ch  of  cereals  and 
leguminotLs  plants,  do  not,  by  themselvca  alone,  exercise  any  action 
Hjion  our  gustative  sense.  The  flavor  of  our  food  comes  from  second- 
ary product'^,  from  nromatics  and  odors  that  are  added  in  some  way; 
to  be  exat^t,  from  foreign  Hulwtances  existing  in  very  minut«  quan- 
tities, ethers,  acid.s,  and  csflential  oils  that  culinary  preparation  and 
cooking  only  develop  to  a  greater  degree.  In  general,  natural  food  is 
but  slightly  saline. 

Since  the  small  quantity  of  common  salt  contained  in  natural  aliments 
suffices  for  our  needs  when  the  diet  is  confined  to  animal  food,  it  ought 
to  answer  for  them  in  the  case  of  a  vegetable  diet.  Why  is  it  other- 
wiacJ  Whence  comen  it  that  one  of  these  methods  of  alimentation 
requires  the  artificial  addition  of  salt!  Chemist'^  have  ascribed  the 
muHc  of  this  peculiarity  to  the  different  composition  of  the  two  kinds 
of  food.  Although  Iroth  contain  equally  wmal]  quantities  of  chloride 
of  sodium,  they  are  distinguished  from  each  other  by  another  mineral 
product  which  they  [H>ssess  in  an  unequal  though  considerable  degree. 
Ttiis  is  potash.  In  marked  contrast  with  common  salt,  this  sultstivnce, 
:ilways  abundant,  varies  very  greatly  in  its  relative  quantity  in  different 
liinds  of  food.  There  are  foods  that  contain  a  great  deal  of  it,  and 
itieae  are  precisely  tiioso  that  are  taken  from  the  vegetable  kingdom. 
Plants  are  generally  distinguished  by  their  richnos.>i  in  potassic  salts. 
They  accumulate  enormous  quantities  of  them,  drawing  them  from  the 
poorest  soils.  Indeed,  before  the  discovery  of  the  mines  of  Stassfurt, 
the  incineration  of  green  plants  was  the  only  source  of  industrial  pot- 
ash.   Inversely,  there  are  other  aliments  derived  from  animals  that        i 
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are  generally  reUtively  poor  in  these  compounds.  In  fine,  tbe  c3[-i 
difference— we  do  not  say  the  only  on& — that  distjn^iishes  in  the  ■} 
of  the  chemiist  the  two  modes  of  diet,  i^  tbe  abundance  of  potash  in : 
vegetarian  ration  and  itH  defi<;iency  in  the  meat  ration. 

If  we  make  a  lint  of  foodu  arranged  according  to  the  inorea.'-' 
quantity  of  potash  which  they  <-ontain,  it  will  he  seen  that  anii: 
HuhstaneoH  (l>UK>d,  milk,  meat)  stand  at  the  head,  while  loiveftt  are  v.- 
tablets  (beunK,  strawberries,  potatoes,  clover).  Still,  there  are  ■-<! 
remarkable  exceptions.  Kice.  for  example,  t»  verj-  poor  in  pota^L 
kilogram  of  rice  in  a  dry  .-itite  furnishing  only  a  gram.  It  is  true  tiu 
it  furnishci'  Htill  less  .soda  (S3  times  less).  In  this  respect  a  rice  C' 
approachc.'i  an  animal  diet;  and,  in  faet,  provokes  but  a  slight  appeti^ 
for  salt.  On  the  contrary,  a  kilt^ram  of  potatoes  contains  24  gnr.- 
of  potash  and  6lt  times  loss  of  soda.  This  food  approaches,  from  tL- 
point  of  view,  the  vegetarian  typi>  in  its  perfection. 

The  information  given  us  by  (chemical  analysis  mtiy  then  be  so 
cinctly  stated  as  follows:  The  vegetalile  kingdom  furDi.sbe«  tl- 
economy  with  much  jxttash  and  very  little  soda— about  '25  to  150  time- 
more  {x>tash  than  soda.  On  the  other  hand,  tbe  animal  kingdom  reduiv 
the  supply  of  potash  without  reducing  in  the  same  degree  the  supfili 
of  soda.  It  introduces  into  tbe  economy  no  more  than  2  to  5  tiiD>~ 
as  much  potash  as  soda. 

All  this  is  poi-feetly  true  and  inti'resting  in  itself,  but  it  may  I" 
asked  what  it  has  to  do  with  the  question  we  are  considering.  Uft 
what  hidden  i-elatioii  there  is  )>etween  the  proportion  of  potash  tiuu 
distinguishes  the  two  diets  and  the  inequality  in  the  need  for  .«i[ 
which  they  pi"oduce.  M.  Bunge  l>elieves  that  be  has  diseoveped  tliir 
relation.  His  hypothesis  is  that  potash  is  responsible  for  our  like  or 
dislike  of  salt  in  cookery.  This  he  justifies  by  a  series  of  closely  con- 
nected inductions.  The  need  for  salt  is  the  consequence  of , the  los- 
of  salt  from  the  ot^nism,  as  thirst  is  the  consequence  of  the  loss  of 
water  due  to  hemorrhage,  transpiration,  or  other  causes.  The  need 
for  salt  implies  a  previous  loss  of  salt.  Secondly,  tbe  loss  of  sail 
should  be  a  phenomenon  of  a  chemical  nature  resulting  from  reactions 
of  disintegration.  Thirdly,  this  chemical  phenomenon  having,  as  L> 
proved  by  experiment,  a  relation  to  the  diffei-ent  kinds  of  diet,  should 
be  caiuse<l  t»y  their  chemical  characteristics — that  is  to  say,  byHbe  dif- 
ference in  their  pro]x>rtions  of  potash.  That  is  his  doctrine.  Theori- 
having  led  him  to  this  point,  the  rest  is  a  simple  matter  for  the  clever 
chemist  of  Ba-^el;  he  has  no  diihculty  in  discovering  the  meehanisni  hv 
whieh  the  vibrations  of  the  potash  introduced  into  the  system  coulrol 
the  proportion  of  salt  that  is  eliminated. 

When  a  theorist  declares  that  something  nhouUi  be,  he  UBually  sus- 
pects that  it  may  t>e  otherwise;  this  o<'curs  twice  in  the  Teasoning 
which  we  have  just  cited.     Hence,  there  an!  two  weak  liijka.in  the 
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1  of  argument.  Therefore  the  principle  of  this  theory  is  uocer- 
and  may  be  contested.  Indeed,  it  has  l>een. 
is  possible,  contrary  to  the  reasoning  of  Bunge,  to  increase  the 
five  and  absolute  quantity  of  potash  taken  into  the  system  with- 
increasing  the  appetite  for  salt;  indeed,  we  may  even  decrease  the 
,re  for  it. 

lo  example  of  this  sort  is  found  among  the  negro  tribes  of  Africa 
3  use  "««/<  W/."  The  use  of  this  mineral  condiment  extends 
oiLghuut  a  large  part  of  central  Africa  in  the  basins  of  the  Ogove 
I  ^nga  north  of  the  Congo  and  in  the  provinces  of  the  Free  State 
the  south  on  the  opposite  side  of  the  river.  The  lack  of  sen  salt 
rock  salt  causes  these  populations  to  replace  this  substance  by 
other  saline  material  which  they  prepare  on  the  spot  by  their  own 
;ans. 

liut  this  is  not  ortlinarv  salt — chloride  of  sodium;  it  is  not  even  a 
da  salt.  They  obtain  this  spurious  salt  from  the  ashes  of  plants, 
ot  the  first  that  come  to  hand,  for  it  is  not  immaterial  what  plants 
■c  chosen  for  this  purpose.  On  the  contrary,  they  are  cjti-efuUy 
lilected  species.  They  use  particularly  two  plants  from  the  river, 
he  favorite  one  is  a  floating  aroid  common  on  the  Ogove  and  deter- 
lined  by  M.  Lci-omte  as  the  PlstinHtratictex.  It  is  said  that  at  cer- 
liin  places  this  ]>lant  is  cultivated  solely  for  the  puipase  of  extracting 
U  salt.  The  second  is  a  sort  of  high  bamboo  that  grows  in  clumps 
ipon  inundated  banljj. 

What  peculiarity  have  these  plants  that  causes  them  to  be  chosen  to 
the  exclusion  of  others?  We  do  not  know.  M.  L.  Lapicquc.  from 
whom  we  have  derived  a  part  of  this  information,  supposes  that  it  is 
the  slight  proportion  of  <-arbonatcs  that  they  furnish  when  incinerated, 
or  as  the  effwt  of  suljwequent  trentment.  In  a  product  destined  for 
food,  the  lack  of  alkaline  carbonates  is  a  decided  advantage,  for  their 
nauseous  odor  and  alkaline  taste  is  repulsive  to  all. 

After  being  harvested  the  plants  are  dried  and  then  burned;  the 
ashes  are  collected  and  leached.  At  llerl>erati,  on  the  Upper  Sanga, 
Dr.  Herr  witnessed  thispi-occss.  The  alwrigines  use  for  this  purpose 
n  rude  filter  made  of  a  conical  basket,  in  which  the  ashes  are  plaeed. 
Through  this  water  is  passed  and  repassed  several  times  to  dissolve  out 
iiU  the  Noluhle  salts.  The  solution  thus  obtained  is  then  evaporated 
l)y  heat.    The  fixed  residue  forms  the  'VmA^m/^" 

The  composition  of  this  salt,  at  least  as  to  its  general  features,  is 
well  known,  M.  Dybowski,  in  1893,  communicated  to  the  Academy 
ot  Sciences  some  analyses  of  it.  Its  composition  varies  little  f  I'om 
that  furnished  by  most  plants  similarly'  treated.  Normally,  as  has 
been  already  said,  potash  is  greatly  in  excess  of  soda  in  all  vegetables. 
The  proportion  varies  from  30  to  150  parts  of  potash  to  1  of  sod^. 
'Ihat  is  what  we  find  in  this  case;  the  quantity  of  soda  is  very  minute-ODJ^IC 
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The  characteristic  features  of  the  chemical  compoeition  of  thetie  pk 
would  then  be  an  abuDdaoce  of  chloride  of  potassium  and  a  scarcity 
carbonatOH. 

This  HpuriouH  salt  tastes  much  like  commou  salt,  but  leav(>>  c 
sharp  after  taaia  of  potassic  saltH.  It  in  not,  on  the  wboic,  decid--! 
diroigreeablc  toa  European  palate;  the  aborigines  prefer  it  to  ronic- 
salt. 

The  stronjf  appetite  which  these  sedentary,  ^ricultural  negroes  lu' 
for  this  mineral  condiment  quite  justities  the  rule  estahliitbi'd  '< 
Bunge,  Hct^rding  to  which  the  need  for  wait  is  connected  with  agrii  j 
tuml  huliits  and  vegetable  diet.  And  if  this  appetite  is  maiiifiM" 
here  not  only  for  true  common  salt  but  for  a  sort  of  spurious  salt,  t: 
law  is  still  Iwtt^-r  excruplilied.  Itungo  goes  so  far  as  to  say  that  in  iL- 
case  ybaervance  of  the  law  is  carried  even  to  aberration,  but,  on  t! 
othi'r  hand,  it  will  be  readily  seen  that  the  theory  devised  by  i: 
chemi.Ht  of  IWIe  to  explain  his  rule  in  undermined  by  thin  very  esan 
pie,  for  this  need  for  salt  being  due,  according  to  him,  to  the  waste  <■ 
chloride  of  sodium  from  the  organism,  which,  in  its  turn,  is  indirec;! 
caused  by  an  excess  of  potash  in  the  fo«d,  should  only  be  remedied  !■■ 
restoring  the  lost  chloride.  But  in  this  case  the  ashnalt  that  appea-- 
and  sntisfii-.'j  the  need  is  a  .^alt  of  potash,  and  so  ought,  theoretically,  i' 
exasperate  it. 

Tliti  explanation  of  Bunge  is  therefore  not  tenable.  All  that  ex}> 
rieni-e  teaches  is  that  an  exclusive  vegetable  diet  causes  a  need,  a  par- 
ticular appetite,  which  can  l>e  satisfied  by  substances  having  the  to.-ti 
of  cooking  salt  and  containing  either  chloride  of  sodium  or  chloride  of 
potassium.  In  brief,  from  a  chemical  point  of  view,  it  is  a  need  fur 
chlorides;  fnHii  a  physiological  point,  a  need  for  salty  savor;  that  ix  lt> 
say,  for  a  particular  kind  of  gustativc  sensation. 

in. 

One  of  the  effects  of  the  progress  of  civilization  has  been  to  sub- 
stitute a  mixed  diet  for  that  of  primitive  peoples,  this  latter  being 
somi-times  pxcUisively  animal,  at  others  exclusively  vegetable.  At 
the  same  time  the  use  of  salthas  Iwcome  general  and  is  now  a  univeml 
habit,  but  we  have  ju-st  seen  that  itsuse  was  originally  limited  to  v^'ge- 
tarian  peoples  and  had  its  origin  in  a  need  either  for  a  material  con- 
stituent of  the  liody  or  for  a  sensation. 

Which  of  these  two  alternatives  is  the  true  one!  Must  we  admit, 
with  Bungo,  that  we  have  a  true  chemical  need,  an  appeal,  an  attrac- 
tion of  the  organism  for  a  substance  necessary  for  its  constitution  and, 
at  tlie  time,  dcti<'ient!  Is  it  not,  mther.  merely  a  need  of  the  muses, 
a  sort  of  protest  of  sense  against  the  habitual  tastelessneiks  of  vege- 
table foods  whi<-h  has  to  be  I'cmedied  by  a  condiment  otherwisr 
iDoffeiwivo!  ■  ^ ,    Google 
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Xhis  ia  the  conclusion  of  the  greater  number  of  physiologists.  It 
is  that  of  M.  Lapicque,  who  sees,  in  the  appetite  for  salt,  a  particular 
cai^e  of  a  very  general  taate  for  condiments  common  to  all  populations 
that  live  on  vegetableB:  To  the  Abyssinians,  who  counteract  with 
h'-rheri.,  a  sauce  apiced  with  pimento,  the  inHipidity  of  their  durrha  or 
Indian  millet;  to  the  Hindoos  and  Malays,  who  nmek  with  curry  the 
taHtelR.ssnGSM  of  rice,  the  basiw  of  their  diet.  This  is  also  the  opinion, 
of  far  greater  antiquity,  of  Sallust,  who,  speaking  of  the  salt  dis- 
dained by  the  Numidians,  ranks  it  among  the  aUa  irritamenfji  giihie. 

In  reality,  one  niaj'  reconcile  thetto  opinions  and  bring  Bunge  into 
agreement  with  Salliist  and  M.  I^apicque.  The  sole  function  of  con- 
diments is  not  that  of  rendering  agreeable  the  enforced  taak  of  eating 
and  of  transferring  into  a  pleasure  the  necessity  for  food.  The 
gu-statory  sensation  is  not  wholly  for  the  pleasure  it  gives ;  it  is 
charged  with  an  important  function  relating  to  the  operations  of  the 
digestive  apparatus.  As  Professor  Pawlow  and  his  pupils  have 
recently  shown,  it  starts  into  action  the  vital  energy  of  the  stomach 
and  induces  tlic  secretion  of  an  efficient  gastric  juice,  rich  both  in 
acid  and  in  ferment  (pepsin).  Even  the  contact  of  the  food  with  the 
mucous  membrane  of  the  stoniiu-h,  which  phy (biologists  have  until 
i-ecently  supposed  to  l>e  the  only  means  of  arousing  the  secretion  of 
that  organ,  does  not  have  as  much  effect  as  the  sensory  excitation  due 
to  sapid  substances.  The  gustatory  impression  is  nioi-e  efficacious. 
It  causes  a  more  abundant  secretion  of  gastric  juice,  which  is  more 
energetic  in  its  action  and  therefore  of  greater  value. 

Condiments  and  seasonings  »re  therefore  found  to  have  a  justifica- 
tion that  is  to  some  degree  of  a  piiysiological  character.  They  insure 
the  proper  action  of  the  stomach. 

Salt  docs  more.  At  the  same  time  that  it  puts  in  motion  the  secretion 
of  the  stomach  it  furnishes  it  with  materials,  at  least  with  some  of 
them.  Hydrochloric  acid,  which  is  characteristic  of  the  gastric  juice 
and  insures  its  digestive  efficacy,  is  derived  from  salt,  from  the  chloride 
of  sodium  of  the  blood.  The  same  origin  should  Ihs  ascribed  to  the 
chlorine  compounds  found  in  the  juices  of  the  stomach,  fixed  chlorides 
and  organic  chlorine.  In  other  terms  the  material  for  the  chlorine 
eqtnpounds  of  the  gastric  juice  comes  primitively  from  the  salt  of  our 
food. 

ThiN  is  not  the  place  to  discuss  how,  in  order  to  produce  this  result, 
the  salt  of  the  blood  is  decomposed  within  the  gastri<5  glands.  This 
is  a  problem  that  has  greatly  occupied  modern  physiological  chemists, 
and  upon  which  they  lus  yet  do  not  fully  agree.  Maly  has  supposed 
.  one  kind  of  mechanism  for  this  reaction,  Laudwehr  another.  The 
method  matters  little.  That  wliich  should  be  noted  is  the  fact  that 
salt  is  destroyed  by  gastric  digestion,  and  that  the  wjuilibrium  of  the 
oi^uiism  domnnds  that  it  Ikj  replaced.     If,  then,  the  loss  of  salt  is  not 
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tLB  Bunge  supposes,  the  primary  cause  for  the  need  for  salt  so  g«Ti- 
eml  among  all  peoples,  it  is  at  least  its  consequence  and  its  physiolog- 
ical justification. 

Any  other  chloride  than  that  of  sodium  susceptible  of  introductioD 
into  the  blood  may  there  particifMte  in  similar  reactions  and  play  At 
same  part. 

The  ash  salt,  rich  in  chloride  of  potassium,  is  a  good  subKtitute  for 
cooking  salt.  Re4-ent  experiments  have  led  MM.  Dastreand  P'rouin 
to  oonclude  that  chloride  of  magnesium  may  l>o  used  for  the  same  par- 
pose  wiUi  still  more  striking  results.  The  secretion  of  gastric  juice, 
which  increases  in  quantity  by  the  introduction  of  common  salt  into 
the  blood,  is  still  moi'e  increased  by  the  introduction  of  the  ma^ne-siom 
salt 

The  same  result  would  be  obtaine<l  by  the  introduction  of  the 
spurious  ash  salt  prepared  lij'  the  negroes  of  the  Ogove  and  the  Sanga 
as  by  the  use  of  common  salt;  nUII  letter  results  by  the  magrnesium 
salts  if  other  reasons  did  not  exclude  their  employment.  In  the 
absence  of  salts  belonging  to  the  same  group  as  common  salt  we  may 
even  sutistitute,  as  has  been  shown  ))y  the  well-known  cheini^it,  E. 
Kulz,  others  faithcr  removed,  such  as  the  alkaline  iodides  and  bro- 
mides. These  give  rise  to  a  gastric  juice  acidified  by  hydriodic  and 
hydrobromic  acid  instead  of  l>y  hydrochloric  acid  as  is  normal  gastric 
juice.  Still,  if  such  a  substitution  in  no  way  affected  the  functions  of 
the  stoma«:h,  it  might  not  be  the  same  in  ixilation  to  other  oigans. 

IV. 

Ordinary  salt,  the  chloride  of  sodium,  is  one  of  the  constituent  ele- 
ments of  animal  organisms,  existing  everywhere  in  them.  The  blood 
has  a  saline  taste  more  or  less  marked;  all  the  secretions  are  salty; 
the  tears  themselves  are  more  salty  than  bitter,  whatever  good  people 
may  say  about  them.  Salt  water,  in  fact,  bathes  all  living  particles 
and  leaches  continually  from  the  organic  strnctui-e,  escaping  fram  all 
ibi  issues,  carrying  with  it  the  waste  mattei's  which  should  I>e  rejected 
from  the  body. 

Common  salt  is  more  suitable  than  any  other  for  this  purpose.  In 
a  dose  of  !l  grams  per  1,0()0  it  forms  a  solution  innocuous  to  the  aaa- 
toniic4il  elements,  that  can  ciixsulatc  around  the  most  delicate  of  them 
without  causing  the  least  damage.  This  close  association  with  salt  has 
become  habitual  to  them  from  immemorial  usage;  they  have  adapted 
themselves  to  it,  and  it  would  lend  to  some  inconvenience  if  SDothcr 
mineral  constituent  should  ))c  too  abruptly  substituted  for  it.  In  cer- 
tain animals  that  have  been  bled  to  exhaustion,  life  may  be  kept  up 
for  some  time  if  the  blood  is  replaced  by  a  sa"-'  --'"""'^,  named, 
because  of  its  properties,  the  physiological  S"  Ueora 

frog  in  whose  veins  this  fluid  circulates  con'    n,|ii,rri-,CAll><*tfii- 
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3id«rable  time.  Certiualy  this  ia  not  a  generous  liquor;  the  living 
aliinentmry  particles  find  in  it  nothing  by  which  they  can  be  nourished 
and  siotitained,  ■ad  they  can  live  in  it  only  aa  long  as  their  oivn  reserves 
TxiEty  last,  but  at  least  it  does  them  no  harm.' 

We    may   now   begin  to  oomprebend  what  becomes  of   the   salt 
^ve  consume  in    obedience  to  the  curious   need   of   which  we   have 
Hpoken.     It  is  easy  to  predict  its  destiny.     The  greater  part  of  it  will 
remain  in  simple  solution;  the  remainder  will  enter  into combi—tioa, 
more  or  less  intimate,  with  living  matters.    The  former  will  penetrate 
into  the  circulating  liquids,  lymph  and  blood,  and  will  with  them  pass 
through  all  the  systems  of  the  body  without  tailing  any  direct  part  in 
the  vital  changes,  but,  on  the  contrary,  act  merely  as  a  filling,  neutral- 
izing by  the  number  of  its  molecules  the  danger  which  the  cellular 
community  would  incur  if  the  medium  in  which  it  lives  were  too  much 
diluted,  and  it  will  finally  pass  out  by  the  natural  emunctories,  invari- 
able, unchanged,  but  having  performed  the  service  of  removing  from 
the  economy  the  effete  products  of   cell   life.     This  eliminated  salt 
must  l>o  replatrcd.     Its  loss,  reacting  upon  the  organism,  is  the  pri- 
mary cause  of  the  need  for  salt. 

The  second  and  smaller  portion  of  the  salt  taken  into  the  body  will 
penetrate  into  the  elements  themselves,  will  make  an  integral  part  of 
them,  will  participate  in  their  <;hemical  changes,  not  only  those  which 
give  rise  to  the  gastric  juice,  but  al»o  others,  finally  becoming 
destroyed  and  lo^t  to  the  organism.  The  void  left  by  this  continual 
elimination  has  doubtless  some  weight  in  the  sensation  of  need  for 
salt,  which  the  animal  feels.    It  is  a  second  element  of  it 

V. 

The  necessity  for  common  salt  in  the  food  results  from  this  series 
of  changes.  The  organism  could  not  be  maintained,  or,  in  other 
words,  health  would  be  impaired  if  that  which  was  lost  were  not 
restored.  Mineral  aliments  are  therefore  a  necessity.  It  is  necessary 
that  we  should  have  salt.  There  are  some  physiological  functions  in 
which  common  salt  may  be  replaced  by  another,  as  we  have  seen  in  the 
caae  of  the  gastric  secretion,  but  there  are  others  for  which  such  substi- 
tuttoD  is,  probably,  impossible.  A  modicum  of  chloride  of  sodium  is 
indiHpeasable  to  life. 
In  truth  neither  men  nor  animals  have  to  occupy  themselves  in 

*A  Bolntlon  of  this  character,  having  the  proportions  of  about  6  parta  of  chemicsllr 
puresmlinm  chloride  to  1,000  parte  of  distille*!  water,  rendered  aseptic  and  warmed 
lolOO°F.,  iain  common  use  in  xargery  and  medicrine.  being  known  aa  the  "nornial 
BiltBolotion."  Readere  will  doubtlew  recall  that  it  was  used  in  the  lamentable  case 
of  Prwident  McKicley,  both  for  the  cleansing  of  the  abdominal  cavity  during  the 
wmiial  operation  and  later  as  a  hypodermatic  injection.  It  was  also  used  eome 
raonlhs  before  with  gixKl  effect  in  the  treatment  of  Mrs.  McKinley,  who  was  aufferr  |  ^ 
ing  iroDi  a  disorder  iJiat  had  druned  the  blood  of  ita  fluid.— Tranblator.  ' 
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finding  thin  modicum.  It  is  exceeded  by  the  quantities  normally  eii-i 
iDg  in  natural  food^.  The  difficulty,  then,  is  not  in  obtaining  tb' 
nutritive  »<ul)istanoGN  which  contain  thitt  modicimi;  it  would  r»tfaer  '- 
in  dovisin^  u  food  sufficient  in  other  respects,  that  ii«  tonay,  an  re^ari- 
nitro^enouH,  fatty,  and  ntarchy  matters,  in  which  this  nuxUoum  dj' 
not  exist. 

NevertheIoj<«  a  physiologist.  Forster,  in  1864.  was  able  to  do  tiii-. 
He  utih'zod  the  wiwte  from  moat  jwwder  derived  from  the  njanii 
fwture  of  Lieblfr's  extnw^t,  treating  it  several  tiine«  with  boilini' 
water,  so  as  to  wash  away  almost  all  the  soluble  salts.  With  thi- 
leached  mejtt,  t<»gnthcr  with  starch  and  fat,  he  formed  a  ration  in  wiuVb 
there  was  wanting  nothing  but  the  mineral  salts.* 

Animals  nourished  with  this  ration  in  reality  suffered  from  mineraJ   , 
inanition.     The  experiment  of  Forster,  carried  out  at  Munich  under 
the  direction  of  Voit,  is,  in  fact,  a  typical  one  of  this  kind  and  perfasp< 
the  only  one  performed  until  latterly,  when  Bunge  and  other  physi- 
olo^ts  took  up  the  matter  again. 

The  necessity  for  mineral  alimentation  was  affirmed  as  a  general 
principle  as  early  as  18fil  by  Licbig  in  bis  Letters  on  Chemistry.  I* 
is  true  that  Chossat  and  Boussingault  had  called  attention  to  the  ne<-es- 
sity  for  lime  and  that  Itecquerel  and  Kodter  bad  spoken  of  the  need 
for  iron;  but  thene  were  only  special  studie-s.  Liebig  stated  the  gen- 
eral principle:  animals  require  for  their  proper  maintenance  albumen- 
oids,  fats,  either  starches  or  sugars,  and  mineral  aliments;  but  it  was 
not  Liehig  who  demonstrated  this,  it  waa  Forster. 

In  fact,  the  experiment  of  Forster  relates  to  the  entire  Mum  of  min- 
eral matters,  not  specially  to  the  chloride  of  sodium.     It  is  an  example 
of  complete  ut/'neral  inanition,  not  of  nallne  inanition.     It  furnishes, 
however,  some  information  as  to  the  consequences  which  may  follow 
from  the  suppression  of  salt  in  alimentation.     As  soon  as  the  regimen 
was  established,  the  animal  showed  a  considerable  diminution  in  the 
fjuantity  of  salt  rejected  by  the  cmunctorics,  though  the  urea  and  the 
organic  waste  products  maintained  their  usual  proportion.    The  dan- 
ism, then,  retained  its  mineral  mattei'S;  the  mutations  of  chloride  of 
sodium  engaged  in  organic  combinations  were  slight.     After  twenty- 
six  days  of  this  method  of  nliinentation  the  animal  had  loHt  but  7 
gi-ammes  of  this  chloride  of  sodium  in  combination.     Its  health,  how- 
ever, was  much  impaired.     It  grew  more  feeble  day  by  day,    NervoiL'; 
troubles  appeared,  consisting  at  first  of  habitual  inertia,  paralysis  of 
the  limbs,  and  Inter  of  convulsive  seizures  and  attacks  of  madncin. 
The  gastric  secretion  diminished  at  once.     Toward  the  last  it  no  longer 
r-ontained  hydro<'hloric  acid.      Grave  digestive  disturbances  finally 
intervened.     The  animal,  however,  lost  but  little  in  fiesh;  its  pining 
away,  its  corporeal  and  physical  failure,  was  but  the  result  of  the 

■There  remained  but  eight-tenthx  percent     Dgiizcdby  vitiOQlC 
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suppression  of  tninerni  salts.     The  lac^k  of  ('oiniiioD  Halt  wau,  doubtless, 

bu^  ft  Bingle factor inthcproduutionof  the^e phenomena.     Theahyenco 

of    other  ualtN,  particularly  of  the  phosphates,  had  also  something  to 

do  vrith  it.     Nevertheless,  it  ii^  striking  to  ttee  what  violent  diHturlt- 

anees   may  result  from   slight  variations.     In  fact,  the  animal  huc- 

■    ctiiubed  more  quickly  from  the  deprivation  of  mineral  elementM  alone 

tHa.n  it  would  have  done  from  total  inanition,  that  in  to  say,  from  the 

suppression  of  all  aliments  except  water. 

The  Dccesaity  for  a  modicum  of  common  salt  is  shown  by  these 
experiments.     Chloride  of  sodium  is  then  a  plastic  aliment.      It  is 
placed  by  Munk  and  Ewald  in  the  category  of  nutritive  salt^  together 
^ith  the  alkaline  and  earthy  phosphates  and  the  salts  of  iron.    Accord- 
ing to  statistical  data  the  daily  consumption  of  salt  in  Europe  is  on  the 
average  17  grams  per  capita.     Of  these  about  2  grams  are  necessary 
to   cover  the  loss  by  disassimilation.     These  two  grams   represent 
nutritife  salts.     The  remaining  15  grams  would  then  repi-esent  on  the 
one  band  8  to  10  grams  carried  away  by  excretions  and  necessary 
for  restoring  the  constitution  of  the  circulating  liquids,  and  a  surplus; 
but,  considering  the  influence  of  salt  upon  the  secretions,  it  would  not 
be  prudent  to  say  that  this  surplus  is  a  sacrifice  made  to  the  pleasures 
of  appetite. 

We  have  just  seen  the  ill  effects  of  a  deprivation  of  salt.  We  should 
l>crhaps  say  a  word  about  those  which  result  from  its  excessive  use. 
It  is  known  that  if  taken  in  amounts  beyond  the  average  it  causes 
thirst,  and  an  increase  in  the  renal  excretion.  It  has  been  shown  that 
this  increase  remains  about  the  same  whether  or  not  the  subject  drinks. 
The  water  excreted  is  then  taken  from  the  tissues. 

If  the  absorption  is  pushed  beyond  moderate  quantities,  vomitings 
and  intestinal  disturbances  ensue.  This  kind  of  excess  has  rarely  been 
observed  unless  we  regard  as  authentic  the  story  of  those  midshipmen 
who  are  said  to  have  been  compelled  by  Peter  the  Great  to  drink  sea 
water  for  the  purpose  of  inuring  them  to  a  sailor's  life  and  who  died 
as  a  consequence. 

VI. 

Besides  taking  an  active  part  in  certain  of  the  vital  phenomena,  com- 
mon salt  fulfills  better  than  any  other  substance  the  conditions  of  a 
niediiun  that  is  indifferent  and  yet  suitable  for  the  physiological  neces- 
Kitie»  of  living  matter.  In  animals  as  well  as  in  plants,  in  the  mobile 
corpuscles  of  the  blood  as  well  as  in  the  fixed  elements  of  the  tissues, 
living  protoplasm  is  always  rich  in  potassic  salts.  The  interior 
medium  which  bathes  it  abounds,  however,  in  sodic  salts,  particularly 
the  chloride  of  sodium,  resembling  in  this  respect  sea  water,  which 
might,  if  properly  diluted,  circulate  in  the  veins  and  replace  for  a 
time  the  plasma  of  the  blood,  as  we  have'  seen  may  be  done  with  the 
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phyuiolc^ical  solution.  Some  naturalists,  recalling-  tJie  circiunstuhf 
under  which  life  appeared  on  the  globe,  and  the  ma-oner  in  wbick  i 
was  for  a  long  time  maintained  in  the  saline  waters  of  the  Pals€ai.i 
seas,  have  thought  they  perceived  in  this  fact  the  aurvival  of  a 
ancestral  condition. 

From  this  point  of  view  chloride  of  sodium  would  be  an  elemer 
handed  down  from  remote  times,  belonging  to  a  mediizm  suitaUe  :■ 
animal  life,  to  the  blood  and  to  the  organic  humors;  and  saJted  foe-.. 
by  introducing  it  about  the  anatomical  elements  of  tho  bodj-,  wou-i 
recall  the  marine  origin  of  animal  life,  would  connect,  a»  one  may  saj. 
the  physiology  of  the  present  with  that  of  the  past.    *      *      • 
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SANTOS-DUMONT  CIRCLING  THE  EIFFEL  TOWER  IN 
AN  AIR  SHIP.' 


By  EuoEDE  P.  Ln^,  Jr. 


As  early  as  3  o'clock  of  the  morning  of  July  13,  1901,  a  curioae 
procesuion  emerged  from  a  hillaide  inclosure  on  the  bank  of  the  Setae 
and  proceeded  toward  the  silent  race  course  of  Longcbanip  aerotu^  the 
nvei*.     Besides   several   correspoDdents,  this    party   was    composed 
mostly  of  young  Parisians,  who  slowly  steered  their  automobiles  while 
they  bent  their  beads  back   and   looked  upward.     Following  them, 
a  few  yards  in  the  air,  there  floated  a  strange,  mysterious  shape,  dim 
and  yellowish  against  the  hazy  dawn.     Several  men  on  foot  guided  the 
aerial  contrivance  by  rope»  which  they  clung  to  jealously.     Their  care 
was  natural,  for  they  held  in  leash  the  first  flying  machine;  and  by 
"flying  machine"  is   meant  one  that   really   has  fiown,  and  which 
deserves  its  name  literally,  being  far,  far  removed  from  the  monotony 
of  the  many  failures  gone  before.     But  the  young  Parisians  did  not 
know  as  yet  that  it  would  fly,  for  this  was  to  be  its  first  trial^its 
debut  in  the  air— and  not  one  among  those  gathered  to  witness  it  sus- 
pected that  he  was  to  assist  at  a  spectacle  which  history  may  possibly 
compare  with  the  launching  of  Fulton's  steamboat  or  with  the  firing 
of  the  first  locomotive. 

At  the  race  track  the  balloon  was  pulled  down  till  the  framework 
reat<'d  on  the  ground.  A  young  man,  25  years  of  age,  went  hurrying 
about  the  air  ship,  tinkering  at  it  here  and  there  till  the  very  last 
moment,  while  his  comrades  of  the  Automobile  and  Aero  clubs  looked 
on  and  respectfully  let  him  have  his  way.  He  was  a  very  little  man, 
in  i^hirt  sleeves  and  a  high  collar,  with  an  almost  effeminate  speech,  and 
very  amiable,  but  he  seemed  to  know  pretty  well  what  he  was  about. 
When  he  had  examined  the  tube  which  connects  a  cigar-shaped  gaso- 
line tank  with  the  motor,  be  wrapped  a  strap  around  a  wheel  of  the 
motor,  pulled  the  strap  off  i^in  with  a  sharp  jerk,  and  thus  set  the 
motor  going.  Involuntarily  the  .-Jiwctators  jumped  back,  for  the  gaso- 
line engine  with  its  four  cylinders  starts  with  a  crashing  explosion,  so 
closely  followed  by  others  that  the  deafening,  bursting  combustion  is 
almost  continuous;  yet  through  the  framework  there  is  scarcely  any 
vibration  at  all,  only  a  slight  quivering. 

'Reprinted  from  Everybody's  MagaziDe,  Philadelphiii,  November,  1901.    Copy- 
righted, reproduced  by  permieeion  of  Doubleday,  Page  4  Co.  ^-~  i 

r.|,i-uiX6jOl>t^lC 


576  CIBOLIMG    EIFFEL   TOWER   IN    AIR   SHIP.  ',\ 

FOK  TUB     FIRST    TIME     IM    HISTOBY     AN    AIR  SHIP  OBEYS    HER    RUDDES.    | 

Before  cliaibiDg  into  his  basket,  the  slender  little  aeronaut  tooki  ' 
tinal  look  up  at  the  aky.     He  had  spent  the  last  two  nig'hts  near  hb 
balloon,  patiently  waiting  for  favorable  weather.     He  seemed  satisfie<j 
now,  and  diin>>ed  into  his  tiny  car,  which  is  just  a  naiTow  crating  (•! 
willow  fixed  into  the  forward  nose  of  the  triangular  framework.      Thf 
guide  rope  was  slackened  and  the  balloon  lifted  him  slowly  from  the 
ground.     He  ^vc  asignal  and  the  guide  rope  was.releascd.     The  bal- 
loon bounded  into  the  calm  air.     Those  below,  bonding  back  their 
iieeka,  saw  in  the  stern  two  big  fans,  the  sci-cw  of  the  vessel,  b^^n  to 
turn.     They  watched  breathlessly,  for  the  question  of  that  moment 
was.  Would  those  fans  serve  as  wings,  or  would  the  balloon  prove  fHily 
a  Imlloon  after  all,  obeying  no  will  other  than  that  of  the  breese' 
That  has  ever  been  the  question  when  some  outlandish  eontrivaoc«' 
would  mount  into  the  air,  and  hitherto  the  answer  at  best  has  bean 
only  a  sadly  qualified  negative.     But  this  latttst  contrivance  of   tfae 
series  appeared  to  be  acting  deliberately  and  rationally.     She  pointed 
her  nose  slightly  upward  and  rose  higher.     Her  rudder  shifted  aiid  she 
slowly  began  to  turn,  and,  following  the  track,  made  the  circuit  of 
the  race  course.     On  noaring  the  spectators  the  vessel  pointed  her 
nose  downward  and  slowly  descended.     A  moment   later  the  VttO<- 
aeronaut  climbed  from  his  basket  to  the  ground  as  one  might  alijrf'' 
from  a  bicycle.     But  the  blood  was  stinging  in  his  fai^,  and  joy  6(Wt 
burned  in  his  eyes.     He  appreciated,  though  only  vaguely,  what  ^ 
hud  done.     He  had  been  striving  to  do  this  same  thing  with  one  bal- 
loon after  another  for  a  number  of  long,  patient  years.     Before  night 
of  that  day  his  name  wa.s  known  all  over  the  world. 

Once  more,  then,  this  little  Bmzilian  aeronaut,  Alberto  tiantos- 
Dumont.  rlimbed  back  into  his  basket.  He  said  that  he  would  make 
the  round  again,  and  with  a  gesture  indicated  his  intended  landing 
place.  He  mounted  aa  easily  as  before,  swept  aroimd  the  track,  and 
descended  neatly  on  the  spot  he  had  pointed  out.  This  was  certainly 
an  accumulating  of  evidence,  and  he  had  to  l>elieve  that  this  last  air 
ship  of  his,  the  SanUia-Dmiiont  F,  had  proved  a  success  on  her  Brst 
trial.  It  was  as  simple  as  spinning  around  the  track  on  an  automo- 
bile. Four  more  times  he  did  the  situie  thing.  His  chariot  was  per- 
fectly manageable,  and  answered  the  rudder  as  docilely  as  a  good 
horse  do<\s  the  reins.  During  all  the  experiments  of  that  morning  he 
had  no  recourse  whatever  to  Imllast,  and  was  yet  entirely  master  of  his 
altitude.  This  was  due  to  the  guide  roi>e,  a  heavy  cord  several  hun- 
dred feet  long,  hanging  from  the  forward  nose  of  the  car.  By  pulling 
it  toward  the  center  of  equilibrium  or  letting  it  out  again,  he  could 
incline  the  axis  of  the  lialloon,  pointing  her  up  or  down,  and  then,  by 
propulsion  of  the  fans,  be  could  mount  higher  or  drop  lower  at  will. 
Sometimes  he  attained  a  speed  of  '25  miles  an  hour.       C(10<?  Ic 
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These  triumphs  tcndinjf  to  make  him  inor«  ambitious,  he  hade  his 
friendu  au  revoir  and  fMiled  off  for  the  near-by  station  of  Putcaiix, 
returning  very  soon  without  touching  ground.  It  was  now  that  he 
declared  for  the  little  flying  trip  around  Eiffel  Tower.  He  refillei^ 
hir>  petroleum  can  and  off  he  started  at  an  encouraging  rate,  while  hi» 
f  i-icndH  stared  after  him,  still  too  dazed  for  the  hysterics  of  enthusiasm 
which  were  soon  to  possess  them. 

FROM   LOSOCHAMP  TO   THE    KIVVFA.   TOWBK  TIIROUOH   THE    AIR. 

Tho  distance  from  I^ng<;hamp  to  the  tower  is  a  little  more  than  S  miles, 
hut  the  aii'ship  made  it  in  ten  minutes,  keeping  at  an  altitude  of  from 
100  to  3IH)  yards.  It  is  difficult  to  imagine  what  must  have  l>cen  the 
aitton  ishment  of  early-morning  visitors  on  the  tower  when  they  saw  a 
man  in  a  Hying  machine  come  soaring  near  them  and  genially  waive 
them  his  greetings. 

The  bizarre  traveler  rounded  the  tower  and  was  returning  whence 
ho  L-Hiiic  when  one  of  the  gear  cords  of  hiM  rudder  broke.     So,  as 
naturally  as  a  wheclnutn  dismounts  to  reimir  a  puncture,  he  came  down 
into  th  o  Trocadero  Onrdens,  borrowed  a  ladder,  climbed  up  the  side  of 
his  halloon,  tied  the  cord,  and  remounting,  proceeded  on  his  way  back 
to  Ij*>ngchamp,     Counting  in  the  delay,  he  had  been  gone  one  hour 
)ind  six  minutes. 
I        By  this  time  tho  party  at  the  ra4«  course  had  recovered  sufficiently 
I    from  their  amazement  for  more  or  less  intelligible  congratulations. 
'    He  had  solved  tfae  fatuous  problem  of  aerial  navigation — that  was  their 
rcfmin.     And  almost  the  entire  pa-ess  of  that  day  wupijortcd  their 
words.     He  had  undoubtedly  steered  a  balloun.     The  two  essentials 
were  there,  and  they  had  worked  effectively,  namely,  the  propeller 
and  the  rudder.     He  had  sailed  the  four  points  of  the  compass,  he  had 
sailed  in  circles,  and  he  had  sailed  up  and  down,  and  the  bulky  aerostat 
of  Count  Zeppelin  over  I^ake  Constance  was  now  rated  as  an  insignifi- 
cant step,  while  the  real,  great  stride  had  just  Ijcen  achieved  by  the 
young  Bi-azilian.     So  his  companions  insisted  that  be  should  try  at  once 
for  the  Omnd  Prix. 

THE    BALrXX)N18T8'  ORANO    PKl.X    AND    ITS   CONDITIONS, 

Now  it  should  be  explained  that  the  (irand  Prix  referred  to  is  the 
ollicial  goal  of  balloimists.  A  wealthy  meml>er  of  the  Aero  Club, 
Henry  Deutsch,  founded  the  prize  last  year.  The  amount  is  $20,000, 
but  the  conditions  seemed  too  preposterous;  very  ingenious,  only 
impossible.  The  conditions  prescribe  that  the  winning  aeronaut  shall 
dtart  in  his  airship  from  the  Aei-o  Club  Park  (the  inclosed  hillside  on 
the  Seine  near  Longcbanip),  sail  to  and  around  the  Eiffel  Tower,  and 


return  and  land  in  the  park,  a  trip  of  about  8  miles,  without  touching     , 
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ground  or  aught  else  in  the  meantime,  and  all  within  the  nisi 
time  limit  of  a  half  hour.  Although  this  offered  a  definite  ino 
to  plunge  into  what  was  one  of  the  moyt  fascinating  impos^ihiiii 
the  future,  only  the  flying-machine  inventors — the  synonym  of  a 
dered  mind — regarded  flying  machines  with  any  respect.  This  fit 
tion  had  long  cn^jlaved  the  rith  young  Urazilinn,  when  one  ib 
Grand  Prix  waa  founded,  and  he  conatructed  his  Sriiitos- /)um-f 
to  win  it,  Meeking  thereby  the  official  recording  of  a  definite  triu 
For  him  the  1(120, (MM)  would  Iks  mei-ely  a  little  purse  for  the  huildii 
more  air  cihipr<.  But  )jcforo  he  housed  his  aerial  pet,  Santos-Duai-i 
in  tht>  )>alloon  shed  at  the  {>ark  that  morning  of  July  12,  he  abdmi. 
to  his  friends  that  he  would  try  ^irain  for  the  Grand  Prix. 

A   SK(Y)Nn    fLIOHT  TO  THE  TOWER   DEt'ORE   THE    I'RIZR    CX>ininTr 

At  4  oVlock  the  next  morning,  July  13,  the  sky  waa  mottled  < 
clouds,  while  a  choppy  wind  blew  from  the  west;  hut  as  then?  ws' 
I'hiingf  for  the  worse  by  5  o'clock,  Santos-Ouniont  be^n  hbi 
pretHii-atiuns  for  his  flight.  Long  l>efore  ho  was  through  with  l*s 
the  |>ai'fcs  of  his  machine,  a  crowd  had  iHSgun  to  gather  in  the  pari 
wheehuen,  chauffeurs,  photographers,  and  correspondents.  M  '-. 
the  groat  sliding  ct(x>rs  of  the  IhiIIoou  house  were  pushed  o)>(>d.-i 
the  iiiassivc  inflated  occupant  was  ti>wed  out  into  the  open  Bpacen'i'i 
park.  The  l)ig,  iwintcd  nose  of  ttie  balloon  and  its  fi.sh-likt  • 
nscutliled  a  shark  gliding  with  lazy  cnift  from  a  shadow  imVs'- 
waters.  In  the  )»asket  of  the  wir  nXuoA  the  coatlcfs  aeronaut.''! 
laughed  and  chatU^d  like  a  Ixty  witli  the  cittwd  around  htm.  The  Y  ' 
(Tommittoc  was  tlieie  and  expriwsed  its  hojies  for  a  successful  Iral 
This  conmiittee  is  composed  of  ('ount  Honri  do  la  Vaulx,  the  vice-pf^ 
idciit  of  the  Aero  Cluli,  who  intends  shortly  to  cross  the  Mediten 
nean  in  a  Inilloon  :  Prince  itoland  l^naparto;  Henry  Deutsch,  andi' 
members  of  the  National  Institute,  MM.  Bouquet  de  la  Grye  >'' 
Cailletet. 

From  the  very  first  the  conditions  did  not  show  themselves  fan-' 
able  for  the  attempt.  The  wind  was  blowing  at  the  rate  of  tj  ' 
7  yards  a  second.  The  change  of  temperature  fix>ni  the  bftlk*' 
house  to  the  cool  inoining  air  had  somewhat  condensed  the  hydrn<ni 
gas  of  the  Italloon,  so  that  one  end  flapi>ed  alwut  in  h  sadly  fluMn 
manner.  Air  was  pumped  into  the  air  reservoir,  or  ballonet,  insiti 
the  imlloon,  but  .still  the  desired  rigidity  was  not  attained.  But,  iitnr 
dis<-ouraging  yet,  when  the  motor  was  started,  its  continuous  cx))]i> 
sions  gave  to  the  practiced  ear  signs  of  mechanical  discord.  Itshoiilii 
be  stated  that  this  motor  can  be  started  only  from  the  ground,  by  thr' 
sti-ap  twisted  around  the  wheel,  as  already  mentioned.  Once  lli'' 
motor  stops  while  in  atr,  there  is  no  way  to  set  it  going  ajrain  withuiit 
coming  down  to  earth.  (    (K^oli" 
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Return  fbom  the  Trocaoeho,  Julv  12,  8.10  *.  m.    santos-Dumont  cr*wuno=- 
His  Basket, 

-'HfliiKl  mWvd  iliv  [.iiiious  i>n,Mi-in«f  Bvrlnl  nHVlemlnii— 4h>ii  ira."  their  rt- rmin.  ■■»)  •>' 


nflntc)  liirhl  wiiHT".    intiie  biuikelnl  llM><iir«ioiKi  ihiToiiieHiim'siiinBUl,"'"'''!^ 
I  Kui^i'iwtul  Irisl." 
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Nfivertheleart,  Santos-Dumont,  with  hit*  sloevew  rolled  up,  fixed  him- 
nelf  oiu-e  more  in  hiti  tMusket  with  much  Um  surne  air  as  a  workman 
Meats  himself  Iwfore  his  lathe  for  the  day's  work.  'His  eye  took  a 
careful  survey  of  the  entire  air  ship  leat  some  preliminary  had  been 
overlooked.  He  counted  the  ballast  b^s  under  his  feet  in  the  basket, 
he  looked  to  the  canvas  pocket  of  loose  sand  at  either  hand,  then  saw 
to  his  ^uide  rope.  Everything  appeared  to  be  all  right.  Several 
friends  shook  his  hand,  among  them  Mr.  Deutj^h.  Count  de  la  Vaulx, 
with  watch  in  hand,  stood  ready  to  begin  counting  the  official  time. 
The  chattering  stopped,  and  the  place  was  very  still  as  the  man  hold 
ing  the  guide  rope  awaited  the  signal  to  let  go.  Then  the  little  man 
in  the  basket  above  them  raised  his  hand  and  shouted.  On  the  second 
the  timekeeper  (Count  dc  la  Vaulx)  called  off  (i.41,  and  man  and  balloon 
would  have  to  be  back  by  eleven  minutes  after  7. 

At  first  it  did  not  look  like  a  race  against  time.  The  balloon  rose 
sluggishly,  and  Santos-Oumont  had  to  dump  out  bag  after  b^  of 
sand,  till  tinally  the  guide  roj^e  wa.><  clear  of  the  trees.  All  this  gave 
him  no  opportunity  to  think  of  his  direx^'tion,  and  he  was  drifting 
toward  Versailles;  but  while  yet  over  the  Seine  he  pulled  his  rudder 
ropes  taut.  Then  slowly,  gracefully,  the  enormous  spindle  veered 
lound  and  pointed  its  nose  toward  the  Eiffel  Tower.  The  fans  spun 
ciici-getically,  and  the  air  ship  settled  down  to  business-like  tmveling. 
It  marked  a  straight,  decided  line  for  its  goal,  then  followed  the  chosen 
route  with  a  considerable  spee^.  Soon  the  chug-chugging  of  the 
motor  could  Ire  heai-d  no  longer  by  the  spectators,  and  the  IniUoon  an<i 
car  grew  smaller  and  .smaller  in  its  halo  of  light  smoke.  Those  in  the 
park  saw  only  the  screw  and  the  iiiar  of  the  balloon,  like  the  .stern  of  a 
steamer  In  dry  doik.  Before  Ion*;  only  a  dot  remained  agninst  the  sky, 
but  the  dot  was  still  moving.  Steadily  it  neui-ed  the  shadowy  ol>elisk  line 
which  was  Hiffel  T<)wer,  then  scaively  visible  in  the  heat  mist  of  Paris. 
Suddenly  the  dot  vanished  )K-hind  the  tower,  thu.s  i»ringing  together 
man's  two  ways  of  getting  into  the  uir,  the  one  from  a  century  just 
closed,  the  other  from  a  century  just  l>eginniiig. 

To  the  throng  waiting  in  the  |)ark  the  dot  seemed  blotted  from  sight 
for  a  long  while,  but  at  last  they  could  distinguish  it  emerging  f  i-om 
the  fi'ggy  ladder-shape  outlined  against  the  sky.  They  coutd  not  tell, 
however,  whether  it  had  really  gone  umund  the  tower.  If  Santos- 
Dumont  had  not  doubled  the  tower,  then  the  greater  interest  in  his 
i-eturn  was  lost.  It  would  Ix!  no  longer  a  race.  Still  the  people 
kept  count  of  the  mmutes  as  they  watched  the  sjjeck  grow  larger  and 
lai^r,  and  gradually  evolve  into  the  form  of  an  air  ship.  The  morn- 
ing sun  caught  on  the  burnished  copper  of  the  petroleum  reservoir, 
and  the  man  could  l>e  seen  in  his  car,  nnd  then  a  messenger  in  an  auto- 
mobile raced  up  to  the  park  gate.  He  brought  the  marking  of  the 
official  timekeeper  on  Eiffel  Tower,  and  his  annoulK^ement  '*t'l'/*)KQ|i~ 
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doubt".  The  Sanf'js-DumoTit  V  bad  doubled  the  tower,  ho  announced, 
passing  ^U  yarcb«  to  leeward,  time  ti.54.  That  meant  half  the  journey 
in  thirteen  minutes,  a  gain  of  two  minutes. 

WAS  THE   ORAND    PRIX   WON? 

The  erowd  gazed  upward  to  the  still  distant  Inlloon,  and  some  in 
their  enthusiasm  yelled  to  the  aeronaut  to  hurry,  hurry  faster.  The 
grand  prix  was  won,  of  that  everybody  was  certain.  But  as  the  min- 
utes were  counted  off,  and  the  balloon  did  not  seem  to  be  approaching 
with  the  speed  expected,  doubt«  began  to  grow  among  the  eager  ones. 
Only  four  minutes  left,  only  three.  Wa.s  he  going  to  lose,  after  all? 
There  he  was,  -steering  far  above  the  river,  and  they  eould  even  hear 
the  popping  of  his  motor,  ,  Evidently  something  was  wrong.  The 
air  ship  laliored  desperately  in  the  face  of  the  wind,  and  when  at  last 
it  hovered  over  the  park  the  time  was  7.22 — eleven  minuter  late. 
And  yet  he  had  not  landed.  Instead,  the  wind  swept  bim  back  across 
the  river.  Twice  he  returned  with  extreme  difficulty;  and  then,  sud- 
denly, the  motor  stopijod.  With  that  the  Santo»-Duiiumt  F  was  as 
an  ordinary  balloon,  and  she  went  with  the  wind,  off  over  the  Bois  de 
lioulogne.  A.  moment  later  she  camo  down  heavily  and  disappeared 
in  the  trees. 

A  CATASTROPHE  IN  THE  tlABUEN  OF  HARON  ROTHSCHILD  AND  THE  RB6C(iK 
BY  A  PRINCESS. 

A  dozen  friends  sprang  to  their  automobiles  and  raceil  away  in  that 
direction.  Each  one  dreaded  tinding  Santos-Dumont  prolmbly  mangled 
and  lifeless.  They  found  him  on  his  feet,  with  his  hands  in  his  j>ock- 
cts,  reflectively  looking  up  at  his  airship  among  the  top  branches  of 
some  chestnut  trees  in  the  grounds  of  Baron  Edmund  de  Rothschild, 
Boulevard  de  Boulogne. 

"  I  should  like  to  have  a  glass  of  beer,"  he  announced,  which  called 
forth  a  nervous  laugh  of  relief. 

Now,  next  door  to  Rothschild  lives  His  Koyal  Highness,  the  Comte 
d'Eu,  and  from  a  window  Her  Imperial  Highness,  the  Comtesso  d'Eu 
had  Iteen  watching  the  antics  of  the  tlying  machine  and  its  finale.  Her 
imperial  highness  is  a  daughter  of  Dom  Pedro,  of  Bra^til,  and  conse- 
quently a  compatriot  of  young  Santos-Dumont.  As  there  ought  to  be 
a  princess  somewhere  in  an  airship  story,  it  proved  quite  convenient 
that  her  imperial  highness  lived  next  to  the  Baron  Edmund  de  Roths- 
child, for  she  sent  over  a  hamper  of  champagne  and  refreshments,  with 
kind  inquiries.  Santos  and  his  rescuers  disposed  of  the  champagne 
and  refreshments;  and  then  Santos,  coatless,  dusty,  and  mussed  up, 
biirried  over  to  thank  the  princess.  Her  highness  spoke  words  of 
encouragement  and  pointed  to  Doni  Pedro's  picture,  and  then  Santos 
went  Iwck  to  untangle  his  air  ship  from  the  chestnuts.^  it^t^^lC 


The  Start  on  the  first  Official  Trial  around  Eiffel  Tower.  JuLr  13,  6.41  a 

"  The  lillle  man  In  the  lA<keI  at-ivv  Itictn  rHlw-U  his  hani1<  Hiid  s1i<>uli>rl.    On  Ihe  n-ninil  II 
ti ktH'prr  il'minl  <le  la  Vaiilii  iiillfKl  off  6.41.  and  man  and  Imlliion  would  havr  to  1 
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When  he  bad  cut  the  wires  l>etween  the  lialloon  and  the  car^  he  diH- 
covered,  greatly  to  his  surprise,  that  the  damage  wa.i  really  nothing. 
Tbn  delicate  skeleton  framework  was  unhurt,  except  for  a  slight  sprain- 
ing of  the  propeller  shaft.  Then  the  young  miin  was  jubilant,  for  his 
treasure  had  («rtainly  looked  like  a  wreck.  He  could  listen  to  ques- 
tions at  lust,  and  he  gave  his  story  of  the  flight  and  fall,  which  you  niay 
lie  sure  was  listened  to  eagerly.  To  say  nothing  of  the  strong  wind 
he  had  to  tight  against  in  coining  liaok,  his  chief  trouble  was  with  his 
motor.  Soon  after  going  up  one  of  the  cylinders  had  stopped,  and  a 
little  later  a  second.  As  he  could  not  restart  them,  his  motive  power 
was  thus  cut  down  one-half  for  the  rest  of  the  trip,  the  motor  at  last 
giving  out  altogether.  The  wind,  of  course,  carried  him  Inurk  over 
the  river,  and  an  he  did  not  wish  to  come  down  in  the  streets  of 
Boul<^ne  l)eyond,  and  perhaps  on  top  of  somel>ody,  and  lie  taken  up 
for  reckless  ballooning,  he  dci-ided  to  come  down  quick  where  he  was. 
So  be  np{>ed  out  a  panel  of  silk  nnd  found  himself  in  the  tree  tops. 

But,  after  all,  the  only  thing  that  kept  him  from  winning  the  prize 
was  the  time  limit,  it  must  l>e  considered,  however,  that  the  donor 
asks  the  competitors  to  do  something  in  a  half  hour  which  has  never 
been  done  l>efore,  although  men  have  l)een  trying  for  a  century,  and 
that  is  to  steer  u  balloon.  Weighed  against  a  century,  a  delay  of 
eleven  minutes  can  not  count  for  much  against  success. 

PREPARATION    FOR  A  THIRD   TRIAI.. 

Within  a  week  the  Santm-DnMont  Vy/aa  all  shipshape  again,  and 
awaiting  good  weather  for  another  try  at  the  Gi-and  Prix.  The 
weather,  though,  had  iieen  unobliging,  and  Parisians  had  h»untc<l  the 
Aero  Cluli  Park  in  vain.  Sunday,  August  4,  Santos-Dumont  did,  in 
fact,  start  for  another  trial,  but  he  had  not  gone  a  quarter  of  the  dis- 
tance when  he  turned  around  and  came  liack.  The  guide  rope  was 
not  working  right.  Another  spectncte,  however,  rather  offset  the 
popular  disappointment.  When  fully  600  feet  in  air,  the  plucky  little 
fellow  climl)e<l  out  of  his  basket  and  moved  around  on  the  slender 
framework  to  adjust  a  cord  that  did  not  suit  him. 

THE  TRIAL   AROUND   THE    KIFFEL  TOWER   AND   RACK. 

It  was  on  August  8, 1901,  thiit  M.  Santos-Dumont  made  a  third  trial 
for  the  Gmnd  Prix,  with  the  odd-looking  air  ship  constructed  of  two 
cigar-shaped  balloons,  with  the  car  for  the  Imsket  and  motors  sus- 
pended l>etween  them.  Instead  of  disiLster  and  destruction,  he  began 
with  every  prospect  of  success,  and  strengthened  his  claim  as  a  navi- 
gator of  the  air.  He  startetl  from  the  park  at  6.12  a.  m.,  under  the 
best  of  conditions.  His  balloon  I'ose  quickly  in  the  almost  absolute 
calm,  so  that  without  loss  of  time  he  started  the  screw  and  veered 
round  m  a  stnught  line  for  Kitfel  Tower.    The  trip  there  was  as  »j|c 
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bird's  Qght,  clfan-ciit  and  iinswerviiig.  He  ^iiied  ami  rounded  the 
tower  in  nine  minutes,  a  ^in  of  four  minutes  over  his  tiret  trial,  or 
less  tban  one-third  of  the  time  liuiit.  He  had,  therefore,  twenty-one 
minutes  in  which  to  malie  the  same  trip  itavk.  It  would  l)e  stubborn 
hard  luck  that  could  keep  him  from  the  prize.  Itut  that  in  what 
happened. 

The  tower  was  no  Hooner  i-ounded  than  difficulties  seemed  to  begin. 
Without  apparent  cause  the  air  ^hip  suddenly  pointed  upward,  and 
mounted  lUU  yai-ds  higher  in  air.  Then  it  iM^gan  to  sink  toward  the 
roofs,  Iwreftof  buoyant  force  orvitality.  It  was  l>eyond control, and 
its  navigator  was  l>eing  tossed  in  midair,  more  helpless  than  a  sailor 
clinging  to  a  plank.  He  started  the  ventilators,  to  inflate  the  ballonet 
with  air  and  make  the  Imlloon  rigid,  but  as  a  climax  to  despair  the 
ventilators  would  not  work.  The  Italloon  became  flabby,  and  even  its 
ends  doubled  on  itself  like  upocketknife.  This  brought  the  wires  that 
suspend  the  framework  into  (rouble  wtth  the  turning  Ncrew,  and  in  a 
moment  several  of  them  snapped.  .lust  in  time  to  save  himself  from 
being  cut  away  from  the  balloon  entii-ely  and  da-shed  to  the  ground, 
Santos  stopped  the  screw,  and  then  the  unwieldy  air  ship  dragged 
lower  to  the  earth,  and  was  soon  skimming  over  some  high  hotelu 
that  had  l>e^'n  built  for  the  ex|x»sition.  Once  be  was  jolted  ^rainst 
a  eornicc,  and  once  again  he  was  so  low  that  his  guide  ix»|)e  coiled 
along  the  ground,  A  carpenter  seized  the  end  and  wrappinl  it  ai-ound 
the  iron  hai-s  of  a  window.  Hut  the  lm!eze  carried  tlie  lelloon  on,  and 
with  a  jerk  the  guide  rope  toi-e  out  the  iron  liars.  On  the  edgeof  the 
next  hotel  roof  the  Italloon  wa-s  stranded  and  wrecked.  The  frame- 
work, though,  holding  the  heavy  motor  and  the  man,  dangled  from  its 
wiring  over  the  wall  of  the  building.  A  moment  it  hung  suspended, 
then  its  lower  end  settled  on  the  roof  of  a  two-story  restaurant  next 
door,  and  its  upper  end  against  the  wall  of  the  hotel.  There  was  a 
space  between  the  two  buildings,  and  the  fnimework  spanned  this 
.space  almost  peipendiculiirly.  The  delicate  wooden  Imams  strained 
and  cracked,  ready  to  lireak  ami  bring  its  load  to  the  ground. 

A  company  of  firemen  were  on  hand  almost  at  once,  and  from  the 
top  of  the  hotel  they  threw  a  rope  to  Santos- Dumont,  who  tied  it 
around  his  waist  and  allowed  himself  to  be  drawn  up.  He  had  not 
suffered  a  scrateh,  but  he  suffered  much  more  tban  that  when  the  fire- 
men began  to  exti-act  his  Iwloved  air  ship.  With  each  cracking  of 
wood  he  shuddered  as  though  it  were  a  bone;  yet  despite  his  anxiety 
and  the  care  of  the  firemen,  the  framework  broke  into  halves,  and  was 
soon  found  to  be  irreparable,  and  the  same  fate  met  the  Imlloon,  The 
only  consolation  was  the  motor,  which  seemed  to  be  unhurt. 

"Now  what  arc  you  going  to  do?"  one  of  his  friends  demanded. 

"  Why,  begin  again,  of  course.     One  has  to  have  patience." 

And  that  same  day  he  gave  orders  for  another  Imlloon,  which  will 
be  the  balloon  of  the  air  ship  Sanfm-Dinninii  VI.     The  new  air  ahip 


"Tben  Blowly.  Krai'i-fuUr.  Ihe  pnormniiM  nplndle  (-wred  round  and  poltiled  iu  now  toward  tiie 
Kfflpl  Tower." 
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will  bp  on  tho  .samp  piittcrn  aw  thp  old,  pxcppt  with  a  .slightly  (;reat«r 
fuliic  capaj'ity.  It  <'«ii  hardly  l>o  midy  for  a  prize  trial,  however, 
Iwfore  the  pontests  next  sprinff.  Still.  Santos- 1 >umoiit  knows  now 
that  hft  pan  navijjat*^  the  air.  and  he  in  inorcly  pfoing  to  do  again  what 
lie  has  already  donp. 

But  M,  Santos- Diiniont  will  soon  have  pompctitorH,  among  them  M. 
I>eutNeh  himself,  whi>  expopts  to  put  in  the  field  within  a  whort  time  a 
folosHUM  (ir>  j'urds  long,  with  a  (^apupity  of  over  i.rxM)  culiie  yards,  and 
a  gasoline  motor  of  i!0  horse|H>wpr. 

A    l>RHCnilTI<>N    OK   THE   AIR  milP, 

Recall  the  flying  machine  of  your  imagination,  and  you  will  Jiave 
ready-made  for  your  mind's  eye  a  likeness  ((f  this  Sitntiix-lHtiiiimt  V. 
It  isKimply  that  ponventional  ereature  pictured  in  the  usual  wild  talc 
of  the  futuiv,  the  regulation  pigiir-shaiwd  thing  'mid  a  v^ue  pompli- 
oation  of  wings  and  rudders  and  cords  and  cylindeii*.  The  gas  liag  irf 
a  tremendous  cigar,  while  the  framework  lK>neath  for  liiLsket  and 
motor  is  a  smallei'  tremendous  cigar.  Now,  there  is  a  renson  for  tliiH 
>thape  quite  a[iart  from  the  demands  of  twenty-tirst  century  romances. 
It  would  \h:  as  alMurd  to  try  to  steer  a  .spherical  Iralloon  as  to  guide  a 
Mpherical  .>(teaml>oat.  The  spindle  form  offers  less  resistance  to  air 
puri-ent-s,  so  almast  fmm  their  earliest  cxpt^riments  the  Hying- machine 
ai\-hitiH'ts  have  adopted  thp  cigar  for  a  model.  To  s«^pure  ligidity  they 
put  an  air  Imlloon,  or  Ijallonet,  inside  the  ga.s  IhiIIoou,  and  when  a 
cooling  cloud  or  changts  of  temperaturt!  p(nitmpt.s  tlie  gas,  they  pump 
air  iLs  needed  into  the  l>allonet,  which  makes  the  entire  )>ng  tight  and 
i^nug.  Santos-Duniont  first  tills  his  Italhxm  ils  full  as  ])ossi))k'  with  pure 
hydrogen,  and  the  inner  liallcKtu  lies  pmpty  in  the  belly  of  the  big  one. 
lie  thus  has  a.s  a  niai^in  against  condensation  the  Itallonct's  eaiMicity, 
50  cubic  yards.  The  Imllonet  fills  with  air  automatically  fioiu  a  pump 
worked  by  the  motor,  and  in  ease  of  expan.sion  and  too  great  pressure 
thp  .springs  in  the  valves  are  forced  open  and  the  air  is  let  out  first,  and 
the  giis  afferwai-ds,  if  necpssary.  In  the  photographs  you  may  sec  the 
air  duct  hanging  froui  the  Inilloon  to  the  pump. 

Tlie  tiny  steel  threjids  that  .suspend  the  framework  seem  absui-dly 
inadequate.  Near  the  ends  they  are  twisted  into  springs,  which  allow 
for  a  .slight  roc'king  caused  by  the  motor's  vibration.  A  few  yards 
away  the  tine  piano  wires  are  invisible,  and  then  the  man  in  his  aerial 
car  appears  to  follow  as  a  .satellite  under  tho  lialloon.  The  great 
yellowish  bag  of  hydrogen,  37i  yaixls  long,  6i  yards  in  diameter, 
with  a  ciipacity  of  715  cubic  yards,  looks  sleek  and  jiceled,  like  the 
pig.skin  of  an  enormous  Kugby  f(x>t)>all,  and  nothing  at  all  like  silk. 
E^'h  panel  in  the  texture  has  l>pcn  rigorously  tested  under  pres.surc 
and  is  capable  of  the  maxinmm  strain  exacted.  Tho  elongatnl,  trian- 
gular car  beneath   is  constnnted   of   thi-ec  slender  unpainted~j>jf)^|^ 
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beams  with  cross-piece's.  When  examined  as  it  lies  stalled  the  long 
length  of  the  balloon  house,  this  car  appears  altt^tber  too  delicate 
for  carrying  a  man  and  an  engine  several  hundred  3'Ards  over  the 
house  tops.  Though  over  59  feet  long,  it  weighs  only  110  pounds, 
and  early  in  the  spring  of  1900  the  inventor  was  able  to  pock  it  in  his 
trunk  by  sections,  bringing  it  from  Nice,  where  it  had  been  made  during 
the  winter,  to  Paris.  The  cwefully  chosen  strips,  bent  to  form  the 
long  curves  of  the  triangular  fraiue  complete,  are  never  thicker  than 
two  of  your  fingers  put  together.  During  this  spring  he  remounted 
them  in  his  workshop  at  the  Aero  Club  park,  the  workshop  being  also 
the  great  barn  of  a  lialloon  bouse.  lie  uinde  the  joints  of  aluminum 
and  ft^tened  the  cross-pietMSs  with  thin  steel  wii-e.  About  8  yards 
from  the  stern  he  suspended  the  gasoline  automobile  motor  from  the 
upper  beam  of  the  triangle  by  piano  wires.  Here  the  compact  little 
engine  of  4  cylinders  and  16  horsepower  hangs  like  a  spider  in  the 
canter  of  her  web.  Over  each  cylinder  spins  a  ventilating  fan  to 
prevent  overheating.  The  motor  turns  a  shaft,  and  attached  to  the 
shaft  is  a  propeller,  exactly  like  the,  st^rew  of  a  ship.  The  two  wings  " 
of  the  screw  are  of  silk  stret*'hed  over  their  frames  like  the  head  of 
a  drum.  They  measure  4^  yard.s.  Ordinarily  the  industrious  little 
motor  spins  the  shaft  around  at  the  rate  of  200  revolutions  to  the 
minute;  but  since  putting  things  into  shape  after  his  descent  of  July 
13  the  inventor  has  been  able  to  inci'ea.se  the  speed  t^>  210  revolutiors 
a  minute.  The  whirling  pinions  then  have  a  striking  force  of  175 
pounds.  AI>ove  the  propeller  and  under  the  tail  of  the  balloon  is  the 
rudder,  a  curved  triangular  lilade  made  in  the  same  way  as  the  wings. 
As  Imth  propeller  and  rudder  are  thus  pla(«d  at  the  stern,  the  forward 
end  is  left  free  for  the  guide  i-opc,  by  which  the  air  ship  may  be 
inclined  upward  or  downward.  By  this  devit^  the  aeronaut  may 
ascend  or  descend.  In  his  fonucr  ImIIoous  he  used  sliding  Itallast 
bags  at  either  end  to  maintain  his  equilibrium,  but  in  this  last  balloon 
he  has  been  able  to  discard  these. 

To  readjust  the  twlanee  against  the  motor,  a^  well  as  to  equalize  the 
strain  on  the  wires  suspending  the  fi-amework,  the  l>asket  is  placed 
forward  of  the  center  by  nearly  S  yards.  This  liasket  is  a  deep,  nar- 
row affair  of  open  willow  work.  A  larger  man  than  the  wiry  aeronaut 
would  have  to  squeeze  to  climb  into  iL  On  either  side  a  narrow 
wooden  bar  stretches  out  3  or  4  yanls,  which  is  (lesigncd  to  prevent 
undue  tipping  to  one  side  or  the  other.  As  the  pilot  stands  there  in 
his  basket  he  resembles  a  performer  on  a  tight  rope  with  his  balancing 
pole.  Since  the  head  of  the  concern  is  in  the  basket,  all  the  many 
wires  that  opcmte  one  thing  ot  another  communicate  with  this  central 
administmtive  bureau  like  the  nerves  with  the  brain.  On  the  front 
edge  of  the  basket  is  a  wheel,  really  the  pilot's  wheel,  but  placed  hori- 
zontally as  on  an  automobile.     This  operates  the  rudder.     To  switch 
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the  propeller  shaft  from  the  motor  nnd  stop  the  fans  there  is  an  electric 
key.  For  each  of  the  valves  in  the  belly  of  the  balloon  there  isa  wire 
end  at  the  Imsket,  >>eiiide»«  still  another  one  for  the  liijf  valve  in  the  top 
should  the  Iwlloonist  wish  to  descend  rapidly,  and,  yet  a^in,  there  ia 
an  emergency  cord  which  tears  a  panel  out  of  the  silk  and  lets  the  gas 
fairly  pour  out.  It  was  this  cord  that  Santos-Dumont  pulled  when  he 
cho»e  the  Rothschild  chestnut  trees  between  the  Seine  and  the  streets 
of  Jloulognc,  As  to  ballast,  he  has  small  liags  of  sand  under  his  feet 
and  a  canvas  t>ag  on  either  hand,  about  10<>  pounds  in  all.  Thus,  it 
will  t>e  seen  that  he  has  several  things  to  think  al>out  at  the  same  time. 
Though  seemingly  very  complicated,  this  air  ship  that  really  navigates 
the  air  is,  after  all.  a  simple  ma«^hine,  and  by  the  side  of  the  wonder- 
fully made  air  shijw  that  yet  do  not  navigate  the  air  it  is  a  child's  toy 
for  simplicity.  It  is  one-fourth  as  large  as  the  Zeppelin  Italloon.  In 
fact,  it  is  the  smallest  motor  aerostat  that  has  been  constructed  up  to 
date.     The  entire  car  complete  weighs  but  550  [xtunds. 

SOME    A(XX>UNT  OP  THE   INVENTOR. 

To  arrive  at  this  result,  which  is  con<'eded  to  be  the  first  actual  steer- 
afc'e  air  ship,  Santos-Dumont  has  tinkered  away  .some  five  preceding 
Ix.  oons.  He  came  to  Paris  expressly  to  make  his  career  in  the  air. 
y  bade  farewell  to  the  plantation  of  his  father,  the  Brazilian  cofi'ee 
king,  where  as  a  boy  he  had  speeded  locomotives,  real  compounds, 
over  the  premises.  He  abandoned  these  toys  and  took  up  with  what 
the  French  love  to  call  the  most  French  of  Inventions,  flying  machines. 
1.  Hied  himself  with  those  rich  young  Parisians  who  seek  amusements 
more  chic  than  gilded  dissipation;  that  is,  the  more  intellectual,  though 
scarcely  moixi  rational,  pursuit  of  bizarre  methods  of  locomotion. 
Though  able  to  have  stobles,  and  yachts,  and  palace  cjii-s,  they  prefer 
automobiles  and  balloons.  The  youthful  Alberto  began  Ijy  climbing 
Mount  Blanc  to  see  what  high  altitudes  were  like.  Then,  in  1898,  he 
ordered  himself  a  l)allo«»n  and  caflcd  it  the  Jiit-nH.  It  was  a  ludicrously 
small  alfair,  of  not  more  than  145  cubic  yaids.  He  would  return  from 
a  trip  with  the  balloon  in  his  grip.  But  he  was  not  content.  The 
Brazil  was  spherical,  unstecrable — in  a  word,  old  fashioned.  He  put 
the  motor  of  his  automobile  into  the  Imsket,  and  was  thus  the  first  to 
apply  gasoline  to  aerial  navigation.  But  as  yet  the  results  were  not 
important.  That  same  fall  he  launched  the  Santos-Duvumt  /,  the  first 
of  his  cigar-shaped  experiments.  But  the  weight  of  the  basket  10 
yards  1>eneath  made  the  balloon  cave  downward,  and  air  ship  and  man 
tumbled  500  yai*ds  to  earth  without  getting  hurt — a  mere  "incident. 
Next  year  appeared  the  second  Sunim-Dumirui,  of  the  same  form,  but 
a  little  longer.  lie  went  up  Ascension  I>ay,  l>ecame  dis.satJsfied,  and 
began  work  on  his  No.  3.     This  one  was  2-2  yards  long,  with  a  capacity 
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of  650  cubic  yards.    The  inutor  worked  well,  and  he  made  several 
encouraging  ascensions  near  Eiffel  Tower. 

Laat  year,  with  his  No,  i,  he  had  tried  for  the  Deutsch  prize,  but 
was  awarded  only  the  annual  interest  of  about  $760  on  the  principal 
amount  for  having  done  the  mont  for  aerostation  during  the  year. 
He  promptly  returned  the  money  and  founded  a  new  prize  with  it.  to 
be  awarded  for  the  first  trip  around  Kiffel  Tower,  no  time  limit.  He 
bad  the  foresight  to  liar  himself  fi-om  this  <-ompetition.  The  Saiitii*- 
Duitiiiit  /Thad  a  («pa<^ity  of  546  cubic  yards,  with  a  H  hoi-sepower, 
2-cylinder  motor  giving  100  revolutions  a  minute  to  the  screw.  The 
engine  and  a  bicycle  saddle  were  perched  on  a  Imr  suspended  under  the 
balloon.  He  started  the  engine  by  working  the  pedals  under  the  sad- 
dle, and  by  cords  he  controlled  the  electric  lighting  of  the  motor  and 
the  management  of  the  rudder,  Imltast,  and  equilibrium.  He  made 
almost  daily  flights  with  this  balloon,  then  later  on  put  in  a  16-horse- 
power  engine.  This,  of  course,  made  a  larger  gas  lag  necessary,  but 
he  simply  cut  in  half  the  one  he  had  and  lengthened  it  to  36  yards,  as 
you  would  a  dining-i-ooni  table.  Soon  after  this  the  autumn  air  gave 
him  pneumonia,  and  he  had  to  go  to  the  Kiviera,  whei-e  he  began  work 
on  No,  5,  his  latest  pet. 

THE  8ECRKT   or   THR   SUCCESS   OP  THIS  LATEST   AIB   SHIP. 

Now  that  you  have  followed  the  inventor  through  the  whole  story, 
you  are  beginning  to  demand  where,  after  all,  is  the  great  monumental 
and  mysterious  secret  of  aerial  navigation  that  has  l>een  discovered. 
You  have  not  stumbled  upon  the  trace  of  one.  There  has  not  been  a 
single  new  nicchanit^nl  principle  involved.  The  fact  is,  there  has  I>een 
no  secret  to  discover.  The  secret  of  aerial  navigation  was  already  dis- 
covered when  the  first  automoltile  with  a  gasoline  motor  was  built. 
When  Buntos-Dumont  roblfed  his  automobile  of  its  niotoi*  and  strapped 
it  into  the  car  of  his  Imlloon,  he  was  on  the  right  track.  But  he  cer- 
tainly had  achieved  nothing  that  he  could  patent.  The  secret  nmy 
also  have  been  discovered  when  the  st<>ani  engine  wa.s  invented,  or 
again  when  electricity  was  chained  down  to  man's  service,  only  up  to 
the  present  there  is  this  fact,  namely,  no  one  so  far  has  tM>en  able  to 
make  a  steam  engine  or  an  electric  battery  run  an  air  ship.  That  may 
happen  later,  but  meantime  the  gasoline  motor  does  the  work  for  Santas- 
Dumont.  And  now  the  question  is,  Why  does  it,  rather  than  either 
steam  or  electricity?  The  entire  answer  lies  in  this  one  word — 
"weight" 

When  away  Irnck  in  1783  the  crinoline  skirt  of  Madame  de  Mont- 
goliier,  drying  before  the  fireplace,  filled  with  hot  air  and  puffed  up 
to  the  ceiling,  this  same  word,  "weight,"  !>ecanie  the  kej'note  of  bat- 
tle and  the  problem  in  l>allooning.  Joseph  Montgolficr  had  beheld 
the  antics  of  his  wife's  skirt,  and  the  word  that  involves  the^  riddle 
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and  the  solution  spelled  itself  on  his  brain.  That  is,  he  reflected  that 
the  inflated  crinoline  had  become  lighter  than  air.  So  be  aet  to  work 
and  astounded  the  world  nitfa  the  lirst  balloon,  an  humble  paper 
globe  filled  with  hot  air  that  soared  upward  but  a  few  yardjs.  Thus 
having  once  got  into  the  air,  man  has  ever  since  been  trying  and  try- 
ing to  .steer  himself  while  there.  But  any  motor  that  would  be 
powerful  enough  has  always  uiade  the  balloon  heavier  than  air.  Foi' 
instance,  Henri  Oifl'ard  in  1K52  tried  steam  as  motive  power,  and  he 
was  the  fii-st  to  adopt  the  cigar-shaped  bag,  but  his  engine  would  not 
propel  the  balloon,  simply  because  it  had  to  be  too  light  for  the  power 
exacted  of  it.  Tweiity-tive  years  later  Dupuy  de  Lome  went  back  to 
lii'st  principles  and  tried  manpower,  but  the  man  was  even  less  ade- 
quate than  Giffard's  feeble  engine.  In  1883  another  Frenchman,  Tis- 
sandier,  experimented  with  electricit3',  but  as  his  batteries  had  to  be 
light  enough  to  be  taken  up  in  the  l>alloon,  they  proved  etfective  only 
in  helping  to  weigh  it  down  to  earth  again.  Krebs  and  Renard,  mili- 
tary aeronauts,  succeeded  Iwttei'  with  electricity,  for  they  could  make 
a  small  circuit  with  their  airship,  provided  only  that  no  air  was 
stiiTJng.  Enthusiast's  cried  out  that  the  problem  was  solved,  but  the 
two  aeronauts  theaiselveM,  as  good  mathematicians,  figured  out  that 
they  would  have  to  have  a  motor  eight  times  more  powerful  than  their 
own,  and  that  without  any  increase  in  weight,  which  was  an  impossi- 
bility at  that  time. 

Shortly  after  this,  though,  people  began  to  drive  round  in  carriages 
without  hoi-Mt^s,  and  their  motive  power  was  the  ga.soline  engine.  Tis- 
sandier's  electro  motor  weighed  375  pounds  per  horsepower;  Santas- 
Duraont's  petroleum  motor,  13  pounds  per  horsepower.  In  both  cases 
fuel  and  all  ac^es-wries  are  included.  Now.  just  exa^rtly  in  this  enor- 
mous difference  of  weight  lies  the  secret  of  aerial  navigation  as  solved 
the  other  day  by  the  young  Itiuzilian. 

The  explanation  why  the  petroleum  motor  is  such  a  tremendous 
giant  for  its  size  is  very  simple.  The  greater  part  of  its  fuel  is  in  the 
air  itselfjand  the  air  is  all  around  the  lialloon,  all  ready  for  iLse.  The 
aeronaut  does  not  have  to  take  it  up  with  him.  If  he  did,  he  would 
be  crushed  to  earth  with  the  weight  of  his  reservoir.  But  that  pro- 
portion of  his  fuel  that  he  must  carry,  the  coal-oil  can,  is  compara- 
tively insignificant.  The  difference  between  carrying  this  fraction 
and  carrying  all  the  fuel,  as  for  steam  or  electricity,  makes  the  differ- 
ence iKitween  the  newer  kind  of  motor  and  the  two  old  kinds.  A  few 
figures  will  prove  startling.  Two  and  one-half  gallons  of  gasoline, 
weighing  15  pounds,  will  make  a  2i  horsepower  autocyele  cover  94 
miles  in  four  hours.  Santos- Dumont's  balloon  needs  less  than  5i  gal- 
lons for  a  three  hours^  trip.  It  weighs  but  37  pounds,  and  occupies 
the  slender  cigar-shape<l  biiiss  reservoir  which  you  will  notice  near 
the  motor.     Now,  then,  an  electric  battery  of  the  same  power  would 
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weigh  2,695  pounds,  and  yet  would  last  only  twenty-five  minutes.  If 
we  consider  the  weight  and  volume  of  fuel  in  the  air  which  the  gs^o- 
line  motor  does  not  have  to  carry  up,  we  will  see,  on  occeptiniif  chemis- 
try's word,  that  a  liter  of  paaoline  {3^  pints)  consumes  during  coci- 
bustion  5.45  pounds  of  oxygen  in  the  air,  which  means  27^  pounds  of 
air.  Im^ine,  therefore,  a  balloon  carrying  a  reservoir  of  air  for  its 
motor.  One  liter  of  gajwline  would  require  an  air  magazine  a  yard 
square  and  as  high  as  a  four-titory  house.  For  Santos-Dumont's  oil 
can  this  magazine  would  have  to  be  1.000  feet  high,  or  about  biff 
enough  to  hold  the  Statue  of  Ijiberty. 

Am  to  what  this  lajit  air  ship  i-eally  means  for  aerostation,  FreDch 
opinion  diffei-s  to  the  overheating  point.  Again  "weight"  is  the 
battle  ciy  raised  in  the  two  opposing  camps  of  halloonry.  One  camp 
maintains  that  the  Imlloon  light^M-  than  air  is  the  beginning  and  end 
of  the  question,  and  consequently  they  hold  that  Santos-Dumont  has 
found  the  ultimate  solution,  liecause  he  can  steer  his  inflated  chariot. 
Their  opponents  give  the  Bi-azilian  big  credit  for  making  a  dirigible 
flying  matrhine  of  any  kind,  but  they  contend  that  the  problem  i-ests 
unsolved  so  long  as  the  air  ship  is  not  heavier  than  air.  The  discus- 
sion hiks  grown  quite  ardent.  Thci-e  are  liable  to  I)e  some  duels  most 
an}'  time  if  cold  weather  doejs  not  set  in. 

The  lighter-than-air  people  argue  that  on  an  aeronef  or  aeroplane 
(heavier-than-air  machine)  the  operator  would  Iw  at  the  mercy  of  his 
motor.  If  the  motor  stopjjed,  the  air  ship  would  come  down  like  a 
clod,  having,  of  course,  no  gas  luig  to  hold  it  up.  The  beavier-than- 
air  contingent  admit  that  this  is  a  point  to  be  considered,  and  that, 
therefore,  the  motor  will  have  to  Im  a  very  reliable  motor  indeed. 
And  then  they  proceed  to  point  out  that  the  aerostat  (ligbtei'-tban-air 
machine)  can  never  be  of  any  pi-acticai  use  anyhow,  even  if  you  can 
steei-  it.  For  war  purposes  it  offers  too  large  a  target  for  the  enem}'. 
The  risk  of  a  motor  stopping  on  a  smalt  aeroplane  would  be  much 
healthier.  For  private  promenading  it  would  be  too  costly.  And  as 
for  general  transportation — not  to  ))g  considered  at  all.  The  Santos- 
Dumoni  T'reijuires  550  cubic  meters  of  gas  for  one  little  man  of  130 
pounds,  and  even  then  the  little  man  can  not  take  on  more  luggage 
than  his  life  and  his  nerve,  with  ii  fair  chance  of  losing  both  Iiefore  he 
gets  ba<:k.  Therefore  a  balloon  with  the  pa-ssenger  list  of  a  small 
trans-Atlantic  steamer  would  have  to  be  some  twenty  times  larger  than 
tiarnunfs  biggest  tent,  and  the  Imlloon  house  would  cover  a  fair-sized 
city.  Only  the  traveler  with  a  million  to  spare  could  book  a  passage 
thereon,  and  all  the  other  millionaires  would  go  bankrupt  financienng 
such  an  enterpi-ise.  The  gentlest  bi-eeze  would  prove  a  tempest  for 
the  fabulously  stupendous  gas  bag,  and  the  pressure  under  ordinary 
conditions  would  make  a  metal  covering  absolutely  necessary.  On  the 
other  hand,  the  aeroplane — when  found— may  be  of  a  size  moi'e  io 
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proportion  to  the  inrrierti  on  sea  and  land,  and  l>y  in(^]ination.s  of  its 
surfwc  it  need  not  feai'  a  gale  inu(;h  more  than  does  a  ship. 

In  conclusion  it  secma  that  the  Snutus-Diiiuont  Kniay  be  ("orrcctiy 
rated  as  the  lai^t  evolution  from  Madame  de  MontgoIlier'M  (crinoline 
i^kirt.  It  is  the  rulmination  of  balloons  lighter  than  air.  It  i»  the 
lirHt  to  make  a  trip  in  a  breeze  and  »)me  bairk  to  a  point  indimted 
beforehand.  In  a  word,  it  is  steerable.  Of  course  there  remains 
room  for  improvement,  but  hardly  for  further  evolution.  In  aero- 
nautics all  evolution  from  now  on  muHt  begin  from  the  bird  and  end 
in  the  aeroplane.  And  perhaps  that  will  involve  a  new  principle  of 
mechanics.  The  genius  who  discovers  it  will  t>o  a  colostsus,  beside 
whom  the  clever  and  daring  craftsman  who  applied  an  automobile 
motor  to  an  inflated  spindle  will  be  but  the  mero^t  pigmy.  The  aero- 
plane, though,  ha«  not  left  the  ground  yet  But  the  Santon- DummU  V 
has.  The  neighboi-s  have  already  made  compkint.  They  protect 
against  the  early  morning  flights,  when  the  popping  of  the  motor  a 
few  yards  over  their  roofs  breaks  in  on  their  slumber.  There  you 
Jiave  a  foretaste  of  the  future. 


NS  THK    DEirrHCH    PHIZE." 

Now  that  the  efforts  of  8antos-Dumont  have  l>een  crowned  with  suc- 
ci'ss,  it  may  be  of  interest  to  retrace  the  stejM  by  which  the  intrepid 
young  aeronaut  has  been  able  to  accomplish  his  present  great  triumph, 
which  is,  of  course,  only  the  first  step  in  the  work  which  he  expects  to 
carry  out.  Santos-Dumont  is  a  Hrazilian  by  birth,  and  was  born  in 
187il.  His  father,  who  was  of  French  descent,  had  a  vast  coffee 
plantation  which  employed  as  many  as  l!,IHH)  men  in  the  tield.s  and 
establishments.  It  wai4  u{X)n  the  40  miles  of  raili-oad  which  passed 
around  the  plantation  that  Santos-Uumont  learned  to  conduct  the 
small  locomotives,  and  thus  obtained  his  flrst  knowledge  of  mechanics. 
He  came  to  Paris  while  still  quite  young,  and  had  already  turned  his 
attention  to  aeronautics.  He  at  once  commenced  to  work,  and 
employed  his  large  fortune  and  his  talent  in  this  direction.  The 
result  is  that  within  three  yeai-s  he  has  constructed  thrt'e  spherical 
lialloons  and  six  air  ships.  Ho  liegan  by  making  the  record  for 
the  smallest  spherical  balloon,  the  "Br(;sil,"  which  gauged  only  IW 
cubic  yards  and  had  a  diameter  of  18  feet.  It  was  made  of  fine 
•lapan  .silk  with  cotton  cordage  and  an  extremely  light  wicker  basket, 
and  the  whole  weighed  but  50  pounds.  When  it  rase  from  the 
Jardin  d'Acclimatation  on  the  4th  of  July,  1898,  it  seemed  like  an 
immense  air  bubble.  After  ascending  out  of  sight,  Santos-Dumont 
reappeared  with  the  envelope  packed  in  the  basket.     With  this  and 
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sitailsr  balloons  he  made  a  number  of  mtcreiitiDg  asceneiona,  iiui 
soon  began  the  study  of  dirigible  Imlloons.  His  "No.  1"  is  the 
first  of  the  Beries,  and  started  from  the  Jardin  d'Acclimatstion  on 
the  18th  of  September,  1898.  It  was  torn  at  the  start  on  account 
of  a  false  maneuver  by  the  aids,  but  was  soon  repaired,  and  on 
the  20th  he  made  a  number  of  evolutions.  But  the  small  interior 
air  balloon,  designed  to  keep  the  envelope  always  swelled  out, 
was  only  insufficiently  supplied  by  the  ventilator,  aud  thus  the  bal- 
loon, which  was  cigar-shaped,  became  more  or  lesi*  collapsed  and 
folded  upon  itself  under  the  tension  of  the  weight.  On  this  occasiop 
the  aeronaut  had  a  fall  of  1.200  feet  at  the  rate  of  12  or  15  feet  a 
second,  which,  as  M.  Emmanuel  Aime  says,  is  u  rei'ord  in  itself.  He 
came  down  on  the  Bagatelle  training  ground,  however,  without 
dam^fe. 

The  SanUis-DuiiHmt  No.  2  was  launched  on  the  11th  of  May,  1899, 
but  during  a  rainstorm  the  balloon  folded  upon  itself  and  could  not  be 
further  maneuvered.  An  instructive  test  of  the  motor  (gasoline  type) 
and  the  helice  was,  however,  made  on  this  occasion.  With  this  expe- 
rience to  guide  him,  he  next  built  the  "No.  3."  It  gauged  620  cubic 
yards,  and  was  the  first  of  the  series  to  pass  around  the  Eiffel  Tower, 
starting  from  the  Aerostatii':  Park  of  Vaugirard  on  the  13th  of  Novem- 
ber. The  "No,  4"  is  an  improvement  of  this  type,  and  gauged  ."ias 
cubic  yards.  It  was  finished  on  the  l.st  of  August,  19(K),  He  went 
through  a  number  of  evolutions  with  this  air  ship,  notably  on  the 
occasion  of  the  Aeronautic^  Congress,  on  the  li'th  of  September,  at 
the  Aerostatic  Park  of  the  Aero  Club.  At  the  beginning  of  this  year 
he  finished  the  Sant^m-DuMmii  lYn.  5^  which  made  such  a  brilliant 
[lerformance.  It  will  be  r©mcml»ered  that  he  started  fi-om  the  Aero- 
static Park,  crossed  the  ^cine  to  the  Lonchamps  mce  trw^k,  and  then 
took  the  air  ship  ten  times  around  the  track.  He  then  i-ame  to  the 
Trocadero,  and  after  an  accident  ti>  the  rudder  he  started  again,  went 
around  the  Eiffel  Tower,  came  Itack  to  Longchamps,  and  thence 
recrossed  the  Seine  to  the  Aerostatic  Park. 

It  was  the  Henri  Deutsch  prize  that  made  the  turner  the  goal  of  the 
aeronauts,  as  the  conditions  of  the  prize  of  $20,000  were  that  the  utart 
should  be  made  from  the  park  or  vicinity,  the  aeronaut  to  pass  around 
the  tower  and  return  to  the  starting  jioint  within  half  an  hour. 
Accordingly,  Santos- 1) uniont,  the  day  after  the  above  experiments, 
started  from  the  park  and  passed  the  tower,  coming  back  in  forty 
minutes.  But  owing  to  a  strong  wind  and  an  accident  to  the  motor 
he  could  not  land  in  the  park,  but  came  down  in  the  trees  of  M.  de 
Rothschild^s  garden.  It  was  after  this  that  he  had  his  famous  acci- 
dent, where,  after  passing  around  the  tower  (8th  of  August)  the  motor 
stopped  and  the  l>alloon  was  broken  almost  to  pieces  against  the  roofs 
of  the  Trocadero  Hotel.    Only  twenty-two  days  after  this  catastrophe 
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the  aeronaut,  whose  courage  if*  proverbial,  fininbed  his  "No.  6,"  with 
wbicb  he  at  laHt  suc<.-eeded  (October  19)  in  parsing  around  the  Eiffel 
Tower  and  returning  within  the  half  hour,  or  twenty-nine  Diintiteu  and 
thirty  set^onda.  Some  lime  l>efore  this,  however,  the  committee  of 
the  Aero  Club  had  modified  the  original  rules  so  that  the  sir  ship  was 
not  only  to  come  over  the  park,  but  its  guide  rope  should  be  grasped 
by  an  attendant,  this  wnstituting  a  landing.  Santoa-Dumont  was  not 
able  to  comply  with  this  nile,  as  before  the  rope  could  be  grasped  he 
was  obliged  to  remount  to  avoid  being  carried  by  the  wind  against  the 
balloon  shed,  and  he  came  down  forty  seconds  after  the  allotted  time. 
The  committee  decided  on  November  4r  as  to  this  much  disputed 
(lue»tion,  and  Santos-Dumont  was  accorded  the  prize. 


M.    aANTOB-DUWONT   WINS  THE    DEUT8CH    I'RIZE.  " 

The  committee  in  charge  of  the  distribution  of  the  Deutfi;ch  prize 
decided  on  November  4  that  M.  Santow-Dmnont  was  entitled  to  it  by 
bis  achievement  of  October  1^.     At  eighteen  minutes  to  3  o'clock  he 


made  the  start,  and  in  nine  minutes  the  Saniim- Dumont  No.  6'  had 
reached  the  Kiffel  Tower  on  the  north  side,  made  a  complete  turn 
around  it  and  made  for  the  starting  iwint.  Our  diagram  gives  an  idea 
of  the  (wursc  which  was  followed.  At  3:12:4U  the  guide  n»pe  was 
seized,  and,  according  to  the  rules  which  were  recently  fornmlated  by 
the  <-ommittee,  jVI.  Santos-Dumont  had  lost  hy  forty  second.^.  He 
claimed,  howiivcr,  that  he  had  Ijegun  his  c.\pei'iiiients  under  conditions 
in  which  the  guide  roijediJ  not  figure,  and  heat  once  protested  againnt 
the  detrision  of  the  judges.  The  matter  was  left  to  a  committee,  which 
decided  in  favor  of  M.  Hantos-Dumont  on  Noveml>or  5. 

He  donated  50,(XXI  francs,  or  one-half  of  the  sum,  to  the  poor  of 
Paris.  He  then  gave  30,000  francs  to  his  assistant,  M.  Aim^,  and  the 
remaining  20,000  francs  to  the  aeronaut's  other  colatwrers. 

While  M.  Santos-Dumont  has  performed  a  notable  feat,  it  does  not 
necesttarily  follow  that  he  has  acomplished  anything  of  very  great 
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value.  He  hiia  demonstrated  the  fact  that  with  a  very  coMtly  and  deli- 
cate H|>iiaratUH  a  iskillfiil  aeronaut  may,  under  favorable  conditions  of 
wind  and  weather,  rise  from  a  jjiveii  point,  make  a  circle  and  return 
to  the  spot  from  which  ho  started  without  being  killed,  if  he  has  ^ood 
luck.  The  event,  pleatuint  as  it  is,  does  not,  however,  mark  a  step  in 
the  direction  of  the  practical  realization  of  aerial  navigation.  It  is 
probable  that  the  solution  of  the  problem  of  aerial  flight  will  never  be 
reached  in  a  way  which  will  have  any  commercial  value  until  the  dirigi- 
ble balloon  idea  is  abandoned  and  thatof  ameohanism  built  on  a  strictly 
mechanical  basis  substituted. 
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I. — THB   AUTOMOBILE." 

By  Henri  Fournibr. 

Undoubtedly  the  automobile  bau  coine  to  :4tay  und  to  do,  n»  the 
years  go  on,  more  and  more  of  the  world's  work. 

The  fact  that  1  went  a  mile  in  51f  i^cond^i  on  the  Coney  Inland 
boulevard  the  other  day  shows  the  swiftnet^s  we  have  already  attained 
with  these  machines,  and  it  miutt  be  remembered  that  they  are  as  yet 
only  in  their  infancy.  Six  years  ago  we  were  making  very  bad  auto- 
mobiles in  France  and  Germany— almost  as  bad  as  those  the  American 
makers  are  now  turning  out.  Now  France  and  Germany  make  fine 
autoa,  and  I  have  come  to  this  coimtry  to  make  tine  autos  here. 

We  French  are  manufacturing  better  automobiles  than  the  Ameri- 
cans because  we  begun  first  and  because  our  conditions  are  more 
favorable  for  development.  Coney  Island  Iwulevard  is  u.s  good  as  any 
road  in  France,  but  in  France  they  have  thousands  of  miles  like  it, 
while  here  there  are  very  few. 

Of  course,  our  good  roads  helped  the  automobile,  as  also  did  our 
comparatively  bad  railroadM.  Here,  on  the  other  hand,  there  are  good 
"  railroads  stretching  everywhere,  through  a  brand  new  country,  where 
the  wagon  ways  are  still  rough. 

The  conditions  for  automobile  development  are  therefore  not  so 
favorable  here  as  in  France.     But  they  arc  improving  very  rapidly. 

Not  so  with  American-made  automobiles.  1  do  not  see  any 
improvement  in  them  since  I  was  here  three  yojirs  ago.  The  machine 
in  which  I  made, the  mile  record  of  51(  seconds  was  of  French  make, 
as  also  was  that  in  which  Mr.  Foxhall  Keenedid  a  mile  in  54|  seconds. 

The  makers  here  started  wrong.  Instead  of  taking  the  best  French 
and  German  models  and  trying  to  improve  on  them,  they  set  out  to 
produce  something  original,  and  thus  went  over  all  the  ground  previ- 
ously traversed  by  European  manufacturers,  and  fell  into  the  errors 
out  of  which  the  latter  had  laboriously  struggled.  It  is  a  shame,  for 
their  trouble  and  expense  were  quite  unnecessary.     They  should  have 
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taken  udvantage  of  the  experiments  and  expcrieniett of  those  who  had 
preceded  them. 

The  greatest  (change  which  T  helievc  will  l>o  Diadc  in  your  cities  by 
the  perfect  automobile  will  be  in  the  wagon  service.  Theoldhoree 
and  wagon  nnd  horse  and  cart  will  have  to  go;  the  automobile  is  so 
much  better,  quicker,  surer,  cheaper.  This  will  make  a  great  differ- 
ence, as  it  will  just  about  abolish  all  stables  throughout  the  citr,  and 
by  clearing  horses  off  the  streets  will  at  once  render  them  much 
cleaner.  It  will  also  make  imperative  the  extension  of  smooth  pBTing 
like  the  asphalt,  which  in  certain  weather  is  unfavorable  for  horses, 
but  always  good  for  the  antoinobiies. 

In  addition  to  this  the  new  machines  will  greatly  increase  the  wa^n 
capacity  of  city  streets,  because  they  are  so  much  shoiter  than  a  horse 
and  wagon,  and  travel  so  much  more  swiftly.  With  the  horse  ban- 
ished and  conipletc  auto  service  throughout  the  city  the  capacity  of 
the  streets  would  be  at  least  quadrupled,  which  would  do  away  with 
the  blockades  tliat  now  are  so  frequent  on  some  of  the  narrow  water 
front  streets. 

Then,  of  course,  for  conveyance  to  and  from  businessand  forcoacb- 
ing  and  pleasure  riding  the  automobile  is  far  superior  to  the  old  car- 
riage, coach,  or  cab.  It  is  not  necessary  that  anyone  should  travel  at 
the  rate  of  70  miles  an  hour.  He  need  not  ra<^e  unless  he  so  desirw 
and  the  time  and  place  art!  proper  for  racing.  Twenty  miles  an  hour 
is  a  good  pace,  although  ;  afer  with  the  automobile  than  going  8  miles 
an  hour  behind  a  horse.  And  it  is  delightful  to  travel  in  an  automo- 
bile going  20  miles  an  hour.  The  sensation  is  most  exhilarating— I'l* 
that  of  flying,  as  I  imagine— and  there  are  no  ill  effects. 

Twenty  miles  an  hour  behind  an  automobile  is  safer  than  8  niiles 
behind  a  horse,  because  tlie  auto  is  so  very  much  shorter,  so  powerful, 
and  so  easily  conti-olled,  I  can  teach  anyone  to  manage  an  automobile 
in  half  an  hour,  and  though  it  is  going  at  high  siKied,  one  can  stop  the 
machine  on  its  own  length.  Anybody  can  manage  it,  and  it  turns, 
twists,  and  dodges  al>out  so  easily  that  accidents  are  avoided  which 
would  be  disastrous  if  you  were  sitting  behind  a  horse.  During  all 
the  time  that  1  have  been  driving  these  machines  1  have  only  had  one 
accident.  That  was  the  collision  with  the  train  of  the  Long  Island 
Railroad  Company  which  occurred  several  weeks  ago.  I  have  never 
yet  been  hurt,  though  constantly  i-acing,  which,  I  think,  goes  to  show 
that  there  is  comparatively  little  hazard  about  running  an  auto. 

For  conveyance  of  people  on  short  journeys  or  pleasure  jaunts  the 
automobile  in  this  country  has  a  great  mission  to  fulfill,  and  this  will 
be  constantly  extended  as  the  good  roads  which  the  machines  demand 
are  given. 

Some  people  anticipate  that  the  automobile  will  drive  out  the  elec- 
tric car  and  so  rid  our  streets  of  the  tracks  and  thff  OYerhMid^wires. 
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1,  liowcvcr.  am  not  umong  tliosi;  who  tjclievo  that  that  will  Imi  done  -  at 
least  not  soon. 

An  autoinohilo  service  carrying  pawsengein  throughout  the  city  for 
5  o*int8  would  have  many  advantage.").  The  vehicles,  not  Iwing  limited 
to  trackw,  could  not  be  blocked  as  they  now  are,  and  an  accident  to  one 
of  the  5,000  or  6,000  which  would  be  necessary  to  the  service  would 
have  no  effect  upon  the  others. 

However,  the  automobile  surface  tar  to  take  the  place  of  the  trolley 
i»  still  no  far  in  the  future  that  it  can  safely  l)e  left  for  future 
di.scu.'ision. 

In  war  the  uuto  would  not  cut  much  of  a  figure  so  far  as  this  coun- 
try is  cwncerned,  though  it  might  be  of  considerable  service  in  Europe, 
where  they  have  such  perfect  roads.  America's  lack  of  military  high- 
ways would  plaee  the  machine  at  great  disadvantage  as  compared  with 
a  horse. 

There  has  Iwen  some  suggestion  of  field  guns  carried  about  by  auto- 
mobiles, but  I  feel  sure  that  they  would  not  do  at  all.  Field  guns  have 
to  go  through  very  rough  places,  plowed  fields,  for  instance,  and  they 
need  a  pull  from  the  front,  such  as  the  horse  gives,  in  order  to  get 
them  along. 

The  power  of  the  automobile  i"  applied  directly  tt>  the  wheels  and 
does  not  pull  the  ma<-hine  at  all.  Thus,  in  a  plowed  field  the  wheels 
would  revolve  iiuickly  enough,  but  they  would  only  make  a  hole  in  the 
ground,  while  the  machine  stood  still. 

This  same  reason  would  also  prevent  the  auto  from  doing  much  for 
the  farmer. 

On  the  other  hand,  in  countries  like  Franw  and  (ierniany,  where 
there  are  many  good  roads,  I  lielieve  that  the  automoliile  <'ould  Iw  of 
the  greatest  service  for  moving  ammunition  and  provisions,  as  well  as 
for  carrying  scouts,  dispat^'h  liearers,  or  generals,  or  even  the  convey- 
ance of  troops. 

II,  —  NKW    AUTdMOBIIX   S1'KK1>   HK<:<)KDS.* 

Twenty-five  thousand  persons  lined  Ocean  Parkway,  llnwklyn,  for 
adistance  of  :24  miles  on  Saturday,  NovenilK-r  Hi,  IHOl,  and  saw  the 
most  sensational  automobile  1-mile  siwed  test^  ever  made  on  either 
side  of  the  Atlantic.  A  mile  a  minute  on  the  highway  is  no  longer  an 
automobile  dream;  for  no  less  than  three  of  the  contestants  finished 
within  that  time.  Fournier,  the  winner  of  the  Paris- llerlin  raie,  twice 
broke  the  world's  record,  and  was  crlosely  followed  liy  Foxhall  I*. 
Keene,  A.  C.  Bostwick,  and  A.  L.  Kiker.  The  course  was  a  specially 
prepared  dirt  strip  of  the  okl  (^ney  Island  lioulevard,  having  a  slight 
down  grade.  The  contestants  went  over  the  course  singly,  their  time 
Iieing  taken  at  the  start  and  at  the  finish  by  mcmbiTs  of  the  S<'cond 
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Signal  Corps,  U.  S.  A.  Over  a  mile  was  allowed  to  tho  chauffeurs  to 
get  under  way,  and  about  a  quarter  of  a  mile  to  t<low  up  aft«r  passinif 
the  finish  line.  The  race  was  a  contest  by  some  of  the  best  chauffeurs 
in  the  ^orld  for  the  1-inile  record. 

At  his  first  attempt  Fournier,  in  his  lO-horsepower  Mors  racer, 
sped  over  the  mile  in  the  remarkable  time  of  fifty-two  seconds.  Not 
content  with  this  performance,  he  returned  to  the  start  for  another 
trial,  and  succeeded  in  reducing  the  record  made  but  a  few  minutes 
before  by  one-fifth  of  a  second.  Foxhall  P.  Keene,  in  a  More  carrta^^ 
exactly  similar  to  that  of  Foiirnier,  covered  tho  mile  in  tifty-four 
aeconds.  American-built  vehicles  were  not  much  behindhand.  A,  C. 
Bostwicli,  in  a40-horsepowerWinton  gauoline  carriage,  made  the  mile 
in  fifty-six  and  two-fifths  seconds  at  the  first  trial,  and  in  one  minute 
three-fifths  seconds  at  the  second  trial. 

Good  as  the  road  undoubtedly  was,  it  was  not  altogether  free  from 
slight,  almost  unnoticeable  depressions  and  projections.  At  a  speed 
of  20  miles  or  even  30  miles  an  hour  an  automobile  will  ride  over  a 
slight  elevation  with  no  appreciable  effect.  But  at  the  enormous 
velocity  of  nearly  70  miles  an  hour  the  carriages  could  not  yield  to 
the  slight,  scarcely  perceptible  hollows,  and  at  times  every  wheel 
would  be  clear  of  the  road.  And  yet,  daspite  this  peculiar  effect,  they 
kept  their  course  with  remarkable  precision  and  with  no  evident 
oscillation. 

The  vehicles  driven  by  Fournier  and  Keene  were  both  40-horsepower 
French  gasoline  carriages  made  by  Mors.  That  a  gasoline  carriage 
would  make  the  best  record  was  inevitable.  But  no  one  foresaw  that 
an  electric  car  would  al.'^o  lower  the  previous  world's  record  of  one 
minute  six  and  two-fifth  seconds  made  by  Winton.  The  carriage  in 
question  was  designed  and  driven  by  Mr.  A.  L.  Riker,  and  was  a  dis- 
tinctly American  type  of  machine.  It  was  a  racing  machine  pure  and 
simple,  an  electi-omobile  reduced  to  its  lowest  terms,  a  wheeled  frame 
and  a  battery,  with  seats  for  two  men  arranged  in  tandem.  Current  is 
derived  from  60  cells  of  the  lead-zinc  type,  giving  a  maximum  voltage 
of  130  and  a  discharge  of  10()  amperes.  The  battery  weighs  900 
pounds,  and  the  entire  carriage  1,850  pounds.  With  a  start  of  only 
one-quarter  of  a  mile  Mr.  Riker  covered  the  mile  in  one  minute  and 
three  seconds,  the  armatures  of  his  motors  making  about  3,300  revo- 
lutions per  minute.  The  exact  power  of  the  vehicle  has  not  been 
determined,  but  Mr.  Riker  infoi-ms  us  that  the  horsepower  is  ttetweeo 
15  and  20.  When  it  is  considered  that  the  French  carriages  of  Four- 
nier and  Keene  were  equipped  with  motors  rated  at  4fi  horsepower, 
Mr.  Riker's  performance  is  all  the  more  remarkable.  At  the  same 
time,  it  is  but  juxt  to  the  other  vehicles  to  state  that  while  they  were 
all  capable  of  long-distance  touring,  the  electric  machine  was  capable 
of  maintaining  its  maximum  effort  apparently  for  only  a  single  dash 
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over  the  mile  course.  It  was  towed  to  the  course,  towed  ba<^k  to  the 
starting  point  after  the  trial,  and  charged  its  batteriei^  immediately 
beforc  ibi  trial  run  from  an  adjoining  electric  car.  By  a  special  rheo- 
stat, with  which  he  haii  fitted  his  racing  machine,  Mr.  Riker  is  enabled 
to  divert  part  of  the  current  from  the  tield  coils  to  the  armature,  after 
speeding  up,  so  that  the  rotary  speed  of  the  armature  shaft  is  consid- 
erably increased.  Since  the  racing  machines  of  Fournier  and  Keene 
have  already  been  illustrated  in  these  columns,  we  have  pictured  only 
the  carriage  used  by  Mr.  Riker. 

The  arrangements  for  timing  the  contestantM  seem  to  have  been 
somewhat  unusual.  The  timers  at  the  finish  were  informed  by  the 
click  of  a  telegraph  instrument  that  a  machine  had  started.  An 
instant  later  an  "O.  K."  signal  was  given  to  confirm  the  start.  The 
timers  consequently  started  their  watches  with  the  first  click  and 
caught  the  machines  as  they  whirled  past  the  finish  line.  If  no 
*'0.  K."  signal  was  given,  the  watches  were  turned  back  for  the  next 
signal.  As  a  result  of  this  arrangement  some  machines  ran  over 
the  course  without  being  timed,  no  additional  signal  having  been 
given.  Foxball  P.  Keene  was  one  of  those  who  suffered.  His  first 
trial  was  credited  with  a  speed  of  one  minute  and  twenty -one  and  two- 
fifths  seconds,  which  was  clearly  an  error.  S.  T.  Davis,  who  made 
the  mile  in  one  minute  and  fifteen  seconds  in  a  steam  carriage,  and 
thus  broke  the  previous  steam  carriage  record  of  one  minute  and 
thirty-nine  seconds,  was  also  mistimed  in  one  of  his  attempts. 

These  are  the  most  remarkable  contests  ever  run  on  a  public  high- 
way. They  have  shown  that  only  a  specially  built  locomotive  engine 
running  on  steel  raiLs  can  l>eat  a  modern  racing  automobile. 

III. — THE    PARIS-BORDEAUX    RACE.' 

The  classic  race  lietween  Paris  and  Bordeaux  is  practically  a  history 
of  progress  in  the  automobile  industry,  since  it  is  in  this  great  event 
that  we  are  able  to  see  the  new  developments  in  motors  and  carriages, 
and  the  rivalry  of  new  firms  who  take  advantage  of  this  exceptional 
opportunity  to  prove  what  their  vehicles  are  capable  of  doing.  Noth- 
ing is  more  elo<iuent  of  the  marvelous  advance  of  the  induMtry  than  a 
comparison  between  the  race  of  181^5,  when  Levassor  astonished  the 
world  by  driving  a  -t-horscpower  car  l>etween  Paris  and  the  capital  of 
the  Gironde  in  a  little  more  than  twenty-two  hours,  and  the  race  on 
Wednesday  of  la.'ft  week,  when  a  20-horsepower  Mors  reduced  this 
time  to  six  hours,  and  covered  the  3271  miles  at  the  average  speed  of 
53.3  mile.H  an  hour.  Six  years  ago  the  i-acing  car  was  fitted  with  a 
motor  of  6  horsepower,  but  last  week  there  were  several  vehicles  of 
38  nominal  horsepower,  while  in  one  or  two  cases  they  were  said  to 
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have  60  or  70  horsepower.  \\'e  «h_v  that  theac  powerc  are  nomiDal, 
because  they  merely  represent  a  type  of  carriage,  and  aie  by  no  means 
the  actual  power  developed.  Makers  are  rarely  disposed  to  take  the 
public  into  their  confidence  over  the  detaiU  of  these  upecial  racing 
machiues.  The  indicated  power  of  the  vehicles  is  kept  a  secret,  but  it 
niay  safely  be  said  that  a  car  entered  as  24  horsepower  is  capable  of 
giving  considerably  more.  Even  accepting  the  figures  stated,  the 
increasing  of  the  motive  power  fourfold  in  five  years  is  a  remarkable 
achievement,  the  more  so  as  the  weight  of  the  cars  has  not  even  been 
doubled  in  the  same  period.  Whether  this  rate  of  progress  can  Iw 
continued  much  further  is  a  question  that  can  only  be  solved  by  the 
forthcoming  races.  The  competitions  have  already  shown  makers 
how  to  get  the  best  out  of  their  motors,  and  it  is  at  a  moment  when 
they  are  anxious  to  settle  an  interesting  problem  in  weight  and  speed 
that  an  attempt  has  been  made  in  some  quarters  to  suppress  racing 
altogether.  The  success  of  the  Paris-Bordeaux  event  has  evidently 
brought  these  people  round  to  see  the  error  of  their  ways,  for  the 
newspapers  which  have  been  the  most  uncompromising  in  their  anti- 
racing  crusade  are  actually  admitting  that  if  proper  precautions  are 
taken,  a  race,  after  all,  may  be  both  interesting  and  instructive. 


To  a  certain  extent  it  may  be  said  that  the  open  race  was  merely 
intended  to  be  a  pendant  to  the  Gordon -Bennett  cup  competition,  but 
as  it  turned  out  the  cup  had  to  pale  its  ineffectual  fires  before  the 
open  i-ace.  If  the  cup  competition  bad  been  run  off  separately,  as 
was  the  case  last  year,  it  would  have  been  an  utter  fiasco.  At  first  it 
seemed  as  if  this  international  triangular  match  were  going  to  be  one 
of  the  biggest  events  of  the  year.  Both  England  and  Germany  had 
entered  vehicles,  and  after  the  brilliant  performances  of  the  Mercedes 
cars  at  Nice  there  was  e^'cry  promise  of  the  competition  with  the  new 
French  fliers  proving  of  absorbing  interest.  But  unfortunately  the 
owners  of  the  Mercedes  vehicles  withdrew  on  the  gi-ound  that  the 
Automobile  Club  of  Germany  made  their  selection  too  late  to  enable 
the  cars  to  be  ready  in  time,  and  neither  Benz  nor  Canello-Durkopp 
would  take  their  place.  At  the  last  moment  Tis(rhbein  entered  a  vehi- 
cle, which,  however,  could  not  be  got  off  in  time  for  the  i-ace;  and  then 
Mr.  W,  K.  Thorn,  president  of  the  Automobile  Club  Bearnais,  offered 
to  place  his  Mercedes  at  the  disposal  of  Tischboin  if  the  French  car- 
riage body  could  be  replaced  by  one  of  German  manufacture.  They 
went  all  over  Paris  in  search  of  this  body,  but  no  cjirriage  builder 
had  one  on  hand.  Then  among  the  English  Napiers,  the  Hon. 
C.  S.  Rolls  and  Count  Zbrow.'iki  declared  forfeit,  and  the  only  one 
to  turn  up  was  Mr.  S.  F.  Edge.  The  English  i-opresentative  drove 
his  car  from  Bologne  to  Paris,  and  had  so  much  trouble  with  his  Kng- 
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lish  tires  that  he  saw  it  was  useleyn  trying  to  go  to  Bordpaux  unless  he 
could  get  fresh  ones.  As  this  was  not  possible  in  the  time,  he  replaced 
them  with  French  tires,  which,  of  course,  disqualified  him  for  the  cup 
competition,  and  he  decided  upon  starting  in  the  open  race.  As  the 
Napier  arrived  at  the  premises  of  the  Automobile  Club,  where  it  had 
to  undergo  the  process  of  marking,  it  attracted  a  vast  amount  of  attctt- 
tion,  and  there  is  no  doubt  that  it  created  a  strong  impiession  among 
th«  Frenchmen  by  its  powerful  lines.  It  looked  heavier  and  bigjrer 
than  the  Fi'ench  vehicles,  partly  due  to  the  fact  that  it  has  not  such  a 
low  center  of  gravity  as  the  new  cars.  If,  as  was  stated,  the  Napier 
developed  70  or  75  horsepower,  it  was  by  far  the  most  powerful  of 
the  competing  vehicles,  for  though  the  new  Mors  was  at  first  said  to 
be  fitted  with  engines  of  this  force,  it  was  entered  as  28  horsepower, 
and  it  may  therefore  be  supposed  to  give  something  like  35  horsepower- 
All  the  foreign  competitors  having  scratched,  the  cup  race  became  a 
run  over  for  the  French  vehicles,  but  even  then  things  did  not  go 
smoothly,  bh  there  was  trouble  between  Charron  and  Gii'ardot  and  the 
makers  whose  vehicles  they  were  to  drive.  Fortunately,  matters  were 
satisfactorily  arranged,  and  Charron  and  Girardot,  on  their  new  24 
horsepower  Panhaids,  and  Levegh,  on  his  28-hor8epower  Mors,  turned 
up  at  the  start. 

The  vehicles  wei'e  to  be  sent  off  at  3.30  in  the  morning,  and  to  pass 
away  the  still  small  hours  a  fSte  was  organized  at  the  Chalets  du  Cycle 
in  the  Bois  de  Boulogne,  where  all  the  automobilists  who  had  not  gone 
down  to  Bordeaux  were  present.  And  then  there  wa.s  a  nocturnal  pro- 
cession up  the  Suresnes  hill  to  St.  Cloud.  The  sight  was  an  extremely 
picturesque  one,  as  hundreds  of  cyclists  with  their  colored  lanterns 
kept  prudently  to  the  side  of  the  road,  while  the  big  cai-s  flashed  their 
headlights  up  the  hill.  On  arriving  at  the  starting  place  beyond  St. 
Cloud,  we  found  the  road  to  Versailles  in  possession  of  the  gendarmes, 
and  a  squadron  of  oivalry  guarded  the  approaches,  though  why  they 
were  there  is  a  mystery  that  is  yet  unsolved.  The  auto  cars  lined  up 
on  each  side  of  the  road  according  to  their  numl>ers,  and  photographers 
flashed  magnesium  light  to  get  views  of  the  competing  vehicles.  Still 
another  light  leaped  out  of  the  darkness  through  one  of  the  spectators 
coming  to  the  assistance  of  Fournier  with  a  match  while  he  was  tilling 
up  the  petrol  tank.  The  spirit  caught  fire,  and  it  was  only  by  Four- 
nier's  presence  of  mind  that  the  flame  was  prevented  from  reaching 
the  tank.  The  gendarmes  were  busy  seeing  if  the  papers  of  the  com- 
petitoi-s  were  in  order.  The  officials  had  a  lively  time  of  it  during  this 
operation.  Someof  the  chauffeurs,  including  Levegh  andGillesHour- 
gifires,  had  not  brought  their  certificates,  and  the  police  insisted  that 
they  should  not  sfnit,  but  iw  the  result  of  an  interview  with  the  prefect 
the  objection  was  overruled,  though  two  competitors  had  to  turn  discon- 
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solatelj  homeward.  A  lot  of  time  was  wasted  over  these  formalities, 
and  it  was  not  until  4  oV-lock  that  the  start  waM  given  to  the  cup  vehicles. 
Charron  was  sent  off  first  amid  cheers,  but  he  had  not  gone  many  yards 
up  the  first  hill  when  he  stopped  and  hurriedly  arranged  something, 
and  then  resumed  his  journey.  Two  minutes  afterwards  the  word  va» 
given  to  the  favorite,  Ijevegh,  who  simply  flew  up  the  hill  with  his 
powerful  Mors  car,  and  aftei'  a  similar  interval  Girardot  was  sent  off 
and  made  an  equally  favorable  impression  by  the  way  in  which  he 
tackled  the  gradient.  The  departure  of  the  cup  triumvirate  was  fol- 
lowed by  an  interval  of  eleven  minutes.  At  4.15  S.  F.  Edge,  thefirrt 
competitor  in  the  open  i-ace,  received  the  word,  and  the  Napier  car 
jumped  forward  and  climbed  the  hill  at  a  speed  which  coaaiderably 
opened  the  eyes  of  the  public.  The  others  were  sent  off  every  two 
minutes.  Giraud  on  his  light  Panhard  carri^e,  Voight  on  a  S^-horse- 
power  Panhard,  Andrfi  Axt  on  a  20-hor3epower  Panhard,  Gilles  Hour- 
glares  on  one  of  the'new  28-horsepower  Mors,  Foumier  on  a  20-horse- 
power  Mors,  De  Caters  also  on  a  Mors,  were  started  in  that  order,  and 
then  followed  the  other  big  cars,  light  carriages,  voiturettes,  and  motor 
cycles  in  the  order  of  entry,  the  total  number  sent  off  being  63. 


As  at  all  the  towns  along  the  route,  VerHailles  was  neutralized:  that 
is  to  eay,  the  vehiclcH  were  not  allowed  to  exceed  the  legal  limit  of 
speed,  and  they  were  given  a  quarter  of  an  hour  to  pass  through  the 
town,  this,  of  course,  being  deducted  from  the  total  time.  Levegh 
had  already  passed  Charron,  who  began  to  have  trouble  with  his  valves, 
and  just  outside  Versailles  he  stopped  about  twenty  minutes  to  adjust 
them.  On  leaving  the  town,  the  competitors  were  started  at  the  bot- 
tom of  a  very  steep  hill,  which  was  naturally  not  to  the  liking  of  the 
motor  cyclists  with  their  8-horse  power  motors,  as  a  sharp  turning  just 
here  did  not  allow  of  their  tackling  the  hill  by  getting  up  speed  on  the 
level.  Baron  de  Turckheim  on  his  Dc  Dietrich  got  stuck  on  the  hill, 
and  one  of  the  competitors  in  a  light  carriage  began  to  experience  the 
glorious  uncertainty  of  pneumatic  tires,  while  the  motor  cyclist 
Osmont  met  with  a  ]}ainful  accident  through  a  stone  flying  up  and 
smashing  his  glasses,  when  a  piece  of  glass  entered  his  eye.  This  wai^ 
removed  and  the  eye  bandaged,  and  he  continued  his  journey.  At 
Limours,  L«tvegh  was  still  leading  two  minutes  ahead  of  Girardot,  but 
Edge  had  lieen  passed  by  Voigt  and  Giraud,  and  then  followed 
Hourgieres,  Charron,  and  Fournier.  The  last-named  improved  hie 
position  up  to  Chartres,  and  got  in  front  of  Edge;  while  Charron  wa* 
constantly  stopping  on  acc^ount  of  his  valves,  and  he  again  lost  a  lot  of 
time  on  leaving  the  town.  One  of  the  light  Hanzer  carriages  came  to 
grief  through  the  bursting  of  a  tire,  which  caused  the  vehicle  to  turn 
right  round  and  .smash  the  two  off  side  wheels,  and  tlie  two  occupuits 
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were  thrown  out,  but  sustained  do  injury.  Thi^rp  also  bad  trouble 
with  the  valves  of  his  Decauville  uiotor.  Altogether  55  vehicles  passed 
through  Chartres  in  the  official  time.  On  nearing  Cb£teaurenault  the 
little  De  Boisse  three-wheeled  vehicle  ran  into  the  gat«  of  a  level 
crossing  which  was  closed,  and  was  so  far  damaged  as  to  compel  the 
driver  to  give  up  the  race.  Levegh  and  Girardot  were  fighting  out  a 
grand  battle,  and  the  Panhard  representative  seemed  to  be  gaining  on 
the  Mors  vehicle  up  to  Chateaudun — 77  miles — but  the  most  remark- 
able thing  was  the  driving  of  Fournier,  who  was  now  leading  in  the 
open  race,  and  was  only  three  minutes  behind  Girardot.  Voigt  was 
close  up,  but  he  found  itadisadvanti^  in  having  only  three  changes  of 
speed,  while  the  others  had  four.  Andr^  Axt  followed  eighteen  min- 
utes afterwards,  with  Edge  and  Girardot  at  his  heels.  Oharron  was 
eighth,  and  Maurice  Farman  ninth.  Edge  lost  bis  position  through 
stopping  fifteen  minutes  at  Chateaudon.  Another  accident,  due  to  a 
level  crossing,  occurred  to  a  Godard-Demarest  light  carriage,  which 
arrived  just  as  the  gate  was  closing,  and  in  the  collision  the  driver 
was  thrown  out  with  considerable  force,  and  was  so  far  injured  that 
he  had  to  be  attended  by  a  doctor.  Girardot,  who  had  been 
getting  marvellous  speed  out  of  his  Panhard,  now  began  to- 
have  trouble  with  his  friction  clutch,  and  he  reached  Venddme— 
102  miles — ^twenty  minutes  after  Levegh,  who  arrived  there 
at  6"  27"".  Fournier  was  only  three  minutes  behind  Girardot,  and 
then  came  Voigt,  Gilles  Hourgi^res,  Andr^  Axt,  Maurice  Farman, 
Giraud,  and  Edge.  Charron  found  that  it  was  hopeless  to  con- 
tinue when  he  had  to  ^p  every  few  miles  to  see  to  his  valves, 
and  he  gave  up  the  race.  The  first  motor  cyclist  (Teste)  reached  Ven- 
ddme  at  7''.  34*".  The  weather  was  hot  and  heavy,  and  the  roads  thick 
with  dust,  which  rose  in  dense  clouds  as  the  autocars  sped  along  at  50 
and  60  miles  an  hour.  Levegh  was  going  strongly,  and  reached  Tours 
— 137  miles— at  7\  IS*™.,  and  Fournier,  who  arrived  twenty  minutes 
afterwards,  had  actually  beaten  him  by  three  minutes.  Voigt  was 
third,  (iirardot  stopped  to  fix  up  his  friction  clutch.  He  was  already 
hopelessly  out  of  it  for  the  cup,  and  was  philosophically  letting  the 
Mors  vehicle  increase  its  lead.  After  Girardot  came  Maurice  Farman, 
Andi-^  Axt,  and  Edge,  and  the  motor  cyclist  Teste.  GillesHourgiferes, 
who  was  expected  to  do  great  things  with  his  new  Mors,  lost  a  lot  of 
time  through  tire  punctures.  The  situation  of  the  leaders  remained 
unchanged  up  to  Saint  Maure — 159  miles — except  that  Edge  had 
retreated  to  the  rear  and  Girardot  had  fallen  a  long  way  behind,  but  a 
few  miles  farther  on  an  accident  happened  to  the  Mors  cup  vehicle, 
which  struck  a  gulley  across  the  road  with  so  much  force  that  the  fore- 
part of  the  car  was  sma.shed.  It  is  supposed  that  the  cause  of  this  is 
the  curved  axle,  which  brings  the  motor  case  down  to  within  a  few 
inches  of  the  road,  and  is  very  liable  to  be  loiught  by  an  obstruction. 
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Fotirnier  now  went  aliend,  Imt  when  about  a  couple  of  hours  aftor- 
wardH  (rirardot,  whose  bad  luck  m  proverbial,  saw  Levei^h's  Mors 
fttranded  by  the  wayside,  fate  for  once  in  a  way  smiled  upon  him. 
Fournier  reached  Chat«llerault  at  8".  37",  followed  thirteen  miuntes 
afterwards  by  Voigt,  while  Maurice  Farman  was  third,  Andr^  Axt 
fourth,  and  Giraud  fifth.  Despite  the  sweltering  heat,  enormoua 
crowds  of  people  waited  for  hours  along  the  route  to  see  the  autocars 
pasH,  and  special  precautions  had  to  l)e  taken  to  prevent  spectators 
from  crossing  the  road  until  the  cloud  of  duat  that  rose  up  after  the 
passage  of  each  vehicle  had  cleared  away.  Couche-Verac — 223  miles— 
was  reached  by  Fournier  at  S"".  58°.,  preceding  Voigt  by  twent-four 
minutes.  Maurice  Farman  passed  through  aC  10^  45"".,  Andr4  Axt  at 
11".  4'".,  and  Giraud  at  ll".  12".  Pinson,  Teste,  Girardot,  Osmont, 
and  Gleizes  followed  in  that  order,  and  then  came  S.  F.  Edge,  who 
reached  the  town  at  12".  4".  Close  at  his  heels  was  Gilles  HourgiSres, 
who  had  picked  up  Levegh  and  his  companion.  He  was  constantly 
puncturing  his  tires,  and  bad  given  up  all  hopes  of  finishing  in  the 
first  flight.  There  was  no  change  in  the  positions  of  the  leaders  up  to 
Rulfcc — 242  miles— which  was  reached  by  Fournier  at  10^  25".,  half  an 
hour  in  front  of  Voigt,  and  an  interval  of  twenty-one  minutes  separated 
Voigt  from  Maurice  Farman.  The  sun  was  hot  and  stifling  as  the 
first  lot  passed  through  Ruffec,  but  in  the  afternoon  a  violent  thunder- 
storm burst  ovei-  the  district  and  thoroughly  soaked  those  unfortunate 
competitors  who  were  still  behind.  Many  of  them  gave  up  the  race 
from  this  cause.  Voigt  punctured  a  tire,  and  only  arrived  at  Angou- 
leme — 26',t  miles— nine  minutes  in  front  of  Maurice  Farman,  and  Pinson 
also  had  a  siiniiai-  misfortune.  S.  F.  Edge  did  not  get  to  Angouleme 
until  after  2  o'clock,  and  as  he  went  through  without  stopping  at  the 
control  he  wan  obviously  no  longer  racing.  Up  to  Iferbezieux— 21tl 
miles — Maurice  Farman  was  able  to  pa:is  Voigt  for  the  second  place,  but 
Fournier  was  still  increasing  his  lead,  and  got  to  Barbezieux  forty-nine 
minutes  before  Farman.  Fournier  now  had  matters  all  his  own  way, 
and  steadily  augmented  his  advance,  while  Maurice  Farmin  was  improv- 
ing his  advantage  on  Voigt,  who  had  up  till  now  been  going  wonder- 
fully well.  On  leaving  LiKiurne,  the  motor  cyclist  Gleizes  had  a 
seriousaccident  through  trying  to  light  a  cigarette  when  traveling  tuU 
speed.  On  letting  go  the  liandlc  liar,  the  machine  went  off  at  a  tangent, 
and  the  unfortunate  ridei'  was  badly  knocked  about.  He  remained 
unconscious  for  four  hours.  Interest  in  the  race,  which  had  been 
growing  all  along  the  course,  culminated  in  enthusiasm  at  Bordeaux, 
where  Fournier  got  a  magnitieent  reception  as  he  arrived  at  Pavillona 
at  1",  y"  45'  his  net  time  for  the  full  distance  of  3'27i  miles  being  6 
ll"  44',  which  is  equal  to  an  average  of  53.3  miles  an  hour.  Maurice 
Farman  finished  nearly  an  hour  afterwards,  followed  after  an  interval 
of  live  minutes  by  Voigt.     Then  there  was  a  pause  of  thirty-three 
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minuU>3  until  Axt completed  hialong  journey  in  good  style,  and  Giraud 
had  a  grvAt  auccetis  with  the  splendid  performance  of  hi^  light  Paohard 
carriage.  His  average  was  39.7  miles  no  hour.  The  only  cup  arrival, 
Girardot,  finished  eighth,  hLs  average  being  37  miles  an  hour.  The  4 
Renault  voiturettes  ran  with  remarkable  regularity,  and  finished  close 
together,  the  winning  car  in  this  category,  driven  by  M.  L.  Renault, 
making  an  average  of  3t>.16  miles  an  hour.  The  De  Dion-llouton 
nnichines  tuok  the  tirst  tive  places  in  the  motor  cycle  class,  and  the 
average  speed  of  the  winner  (Teste)  was  40.7  miles  an  hour.  Alto- 
gether, 36.vebicles  reached  Itordeaux  before  the  control  was  closed. 

The  results  of  the  different  categories  are  as  follows:  Gordon- 
Bennett  cup  nice — Giraixiot,  a4-horsepower  Panhard,  a^  51"" 59'.  Paris- 
Bordeaux  race — ears  weighing  more  than  650  kilos:  Henri  Fournicr, 
20-horsepowcr  Mors,  C''  11""  44";  Maurice  Farman,  24-horsepower 
Panhard,  6''  41"  1';  Voigt,  24-hoi'sepower  Panhard,  7''  16"  U*;  Pin- 
son,  34-horsei)owcr  Panhai-d,  7''  46"  51';  Andr€  Axt,  20-horsepower 
Panhard,  7"  47"'  17';  Gilles  Hourgieres,  a8-horsepower  Mors,  8" 
37""  39';  Henry  ■  Farman,  Panhard,  H"  53'";  De  Cruwhez,  Panhard, 
8"  55™  ;^4';  Berteaux,  Panliard,  U''  10"";  L^on  Lefebvre,  Bolide,  11" 
53'".  Light  carriages  of  4(X)  to  650  kilos:  Giraud,  Panhard,  8"  H" 
4H";  Barns,  28-hoi-sepower  Darrawj,  8"  42""  HT;  Kdmond,  !28-horse- 
power  Darracq,  lO**  ^5'";  B<?<'onnais,  B^connais  carriage,  10"  41""  ^5"; 
Th^ry,  Detaiuville,  11"  11"°;  Saiiz,  Boyer,  ll*"  12"";  Rudeaux,  Darracq, 
11"  49'";  Ulhman,  Decauville,  IS"-  IB'";  Filtz,  Turgan  et  Foy,  13"  57""; 
ChabriSrc.-*,  Decauville,  14''  5'".  Voiturctt«s  of  250  to  400  kilos: 
L.  Renault,  Renault  Frere.-i,  9"  32""  27";  M.  Renault.  Renault  Freres, 
9"  40""  14';  Oury,  Renault  Freres,  9"  46"  50";  Grus,  Renault  Freres, 
9"  5:i'";  Lot,  Liberia,  16"  4'".  Motor  cycles:  Test*,  De  Dion,  8"  l"; 
Osmoiit,  I>e  Dion,  8".  3"';  Bordeaux,  De  Dion,  8"  54"°;  Oollignon,  De 
Dion,  9"  11"';  Bardiii,  De  Dion,  10"  SO'";  Gast^,  Liberator,  10"  32'"; 
Hollcy,  De  Dion,  10"  33"';  Cormier,  De  Dion,  11"  34";  Rivierre, 
Werner  bicycle,  12"  30™;  But^quet,  Werner  bicycle,  la"  47™. 


On  the  off  chance  that  an  English  car  might  start  in,  and  the  still 
more  remote  chance  might  win,  the  Gordon-Bennett  cup  race,  we 
resolved  to  be  represented  at  both  ends  of  the  course  by  members  of 
our  .staff,  and  the  writer,  who  journeyed  as  far  afield  as  the  finish, 
considers  that  a  few  words  in  supplement  to  the  brief  telegram  last 
week  may  l>e  of  interest.  We  crossed  on  Whit-Monday  in  company 
with  Mr.  VVorby- Beaumont,  who  could  not  deny  himself  the  pleasure 
of  witnessing  the  start,  and  after  calling  at  the  handsome  quarters  of 
the  A,  C.  of  France,  and  subsequently  at  the  Hotel  Brighton,  where 
the  majority  of  the  A.  C.  G.  B.  party  were  staying,  and  where  we 
found  Mr.  Mark  Mayhew  and  the  Hon.  C.  S.  Rolls,  we  learned  that  the 
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French  clubmen  had  ahown  most  sporting  feeling  toward  the  English 
car,  and  ha<l  unofficially  informed  those  most  nearly  interested  that 
the  car  would  be  i^tarted,  timed,  and  cheeked,  although  she  would,  bo 
far  as  the  race  itself  went,  obviously  be  disqualified  before  she  moved. 
The  conditions  of  the  race  laid  down  definitely  that  every  part  of  a 
competing  vehicle  must  be  built  in  the  country  by  it  represented,  and 
the  use  of  foreign  tires  of  course  crablwd  the  deal.  The  above 
arrangement  was  all  that  the  English  club  or  the  owner  or  makers  of 
the  car  could  desim,  and  it  was  felt  by  the  whole  English  party  present 
that  the  French  club  bad  met  them  in  their  difficulties  in.a  particu- 
larly handsome  and  generous  manner.  If  the  English  car  had  won, 
well,  the  fact  that  she  ran  on  Michelin  tires  would  not  have  militated 
in  the  smallest  degree  against  the  renown  and  glory  that  would  have 
been  hei-s,  and  it  is  only  by  bearing  this  in  mind  that  the  sporting  action 
of  the  Automobile  Club  of  France  can  be  thoroughly  appreciated. 
Upon  reaching  Bordeaux  we  found  Messrs.  A.  C.  Harmsworth,  Alfred 
Bird,  and  Max  Peraberton,  the  well-known  novelist,  whose  brilliant 
lately  concluded  stoi y  Pro  Patria  is  still  fresh  in  everyone's  mind. 
These  three  gentlemen  had  driven  down  from  Paris,  as  to  Messrs. 
Harmsworth  and  Bird  in  the  fonner's  new  12  horsepower  SerpoUet 
steam  car,  and  as  to  the  author  of  Footsteps  of  a  Throne  in  Mr. 
Harmswoi-th's  12  hoi-sepower  Panhard,  driven  by  Engineer  Lancaster, 
than  whom  a  better  exists  not.  (Colonel  Orompton  and  Claude  Cromp- 
ton  swelled  the  party  later,  having  cycled  from  Paris. 

Mr.  Harmsworth  was  good  enough  to  take  us  out  to  the  finishing 
point  about  2i  to  3  miles  from  the  city  at  a  crossing  of  ways  called 
Les  Quatres  Pavilions,  345.81)  miles  from  the  starting  point  at  Saint 
Cloud,  in  his  Serpollet,  and  though  3  miles  is  little  enough  to  have  of 
so  entrancing  a  vehicle,  it  was  enough  to  convince  us  that  that  car  is 
quite  the  most  luxurious  road-traveling  vehicle  in  which  we  have  yet 
ridden.  Owing  to  the  absurdly  optimistic  prophecies  of  Le  V^lo  and 
L'Auto  V^lo,  we  i-an  out  over  the  hoiTtdly  paved  Bastide  Bridge,  and 
the  full  mile  of  tram-lined  pav^  beyond,  and  climbed  the  hills  out  to 
the  Quatre  Pavilions,  so  as  to  be  there  before  10  o'clock.  As  the  fly- 
ing Fournter  never  arrived  until  nine  minutes  pa.st  1,  the  odd  hours 
were  made  to  pa.'^s  as  well  n^  might  be  by  watching  and  criticising  the 
automobiles  which  went  speeding  outwaixl  toward  Libourne  in  order 
to  take  up  favorable  positions.  Verily  we  believe  every  car  in  Bor- 
deaux was  requisitioned  for  the  finish  of  this  great  event,  for  they 
swept  by  in  battalions  and  clouds  of  dust.  In  the  intervals  inquiries 
were  made  as  to  what  was  known  anent  the  progress  of  the  t:ace,  and 
occasional  telephone  messages  to  the  house  of  M.  .lournu.  of  the 
Automobile  Club  Itordclaise,  which  was  hard  by,  were  made  known. 
First  we  heard  that  Fournier  and  his  Mors  were  leading  well  at 
Chattel  1  era u It,  Ititi  miles  away,  having  passed  Levegh,  agd  that.  Gi- 
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rardot,  the  ultimate  cup  winner,  had  smashed  his  clutch  at  Chartres. 
Later  came  the  news  that  Foamier  was  leading  the  next  man  Voigt 
at  Ruffec,  101  miles  away,  by  twenty-five  minutea,  and  that  lot-i  of 
punctures,  owing  to  nails  on  the  roads,  had  been  suffered  by  many 
competitors.  The  time  wore  slowly  on  in  the  great  heat  and  dust, 
until  another  message  (Mme  through  to  the  effect  that  Fournier  bad 
left  Libournc,  15  miles  away.  Then  the  crowd,  which  made  up  in 
enthusiasm  what  it  lacked  in  numbers,  braced  themselves  with  the 
expectation  of  excitement.  The  minutes  pa.sscd  almost  in  silence,  so 
tense  had  the  feeling  be(X)me,  Even  the  canielots  ceased  to  ciy  Lc 
V^lo,  and  like  all  the  rest  strained  their  eye*  upon  the  brow  of  the 
bill  over  which  the  petrolic  Jehu  speeding  toward  them  must  come. 
Suddenly  a  cri"  went  up  from  the  high  bank  on  the  right,  Le  voila! 
and  at  the  top  of  the  narrowetl  way  between  the  poplar  tops  as  they 
descended  the  reverae  .-^ide  of  the  slope  were  seen  to  lie  blotted  out 
as  with  a  cloud.  The  cloud,  as  it  appeared,  surged  over  the  top  of 
the  hill,  descended  with  awful  rapidity,  and  whirled  toward  us.  It 
showed  a  black  eye,  which  every  instant  increa-sed  in  size.  The  eye 
was  the  Mors,  whose  wildly  whirring  engine  was  now  distinctly  audible. 
Machine,  men,  and  cloud,  which  blotted  out  all  behind,  rushed  up 
the  winning  slope,  and  amid  the  wild  cries  of  all  who  witnessed,  com- 
pleted the  most  remarkable  automobile  run  yet  aLComplished.  Over 
an  hour  and  a  half  elapsed  before  the  second  man  was  in,  and  the  same 
wild  scene  of  welcome  was  enacted,  though  tn  lesser  degree  with  each 
arrival.  The  following  table  gives  these  as  they  occurred;  also  the 
average  speed  per  hour  throughout  the  journey: 
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—  CanfTom  i\  hnidreilwtightt  lo  7\  hnnHrfdweigltU. 
at  macfalDe.  '  CluulTciir.  Net  tin: 


De  Dion-Bouton  tricfcJe Teste 7  57    0  HM 

Do Osmond '       7  M  i?  t1.« 

Do Coingnon  9    5  33  Si" 

Seven  other  tricycle*  oime  throuffli  si  varloiin  Inlervgla.  the  tut  being  Buquet.  who  oRopM 
13»  i3-  10  ■. 

The  average  mileage.s  of  the  first  sovcn  arrivals  will  be  found  to  be 
less  than  those  we  cabled  from  Bordeaux,  but  at  that  time  we  were 
not  in  possession  of  the  total  distance  neutralized  by  the  controls,  and 
the  times  given  us  by  the  timekeeper  were  less  2"  37"  the  time  of 
neutralization.  The  distance  so  neutralized  was  \1\  miles,  which 
accounts  foi-  the  reduction  of  the  averages  previously  given.  Although 
Messrs.  Harmsworth,  Bird,  and  Pemberton  wei-e  members  of  the 
A.C.G.B.  and  I.,  and  Mr.  Bii-d  was  actually  nominated  as  one  of 
the  judges  by  the  French  clul>,  while  (\)lonel  Crompton  represented 
the  British  wai'  office  committee,  they  re<'eived  verj'  scant  courtesy 
at  the  hands  of  the  clubmen,  Mr.  Bird  at  least  might,  we  think, 
have  lieen  offered  something  more  than  the  hospitality  of  the  road, 
wherein  he  remained  thi-oughout  the  day.  It  was  only  after  meet- 
ing with  our  old  friend  M.  Paul  Rousseau,  the  director  of  Le  Veio, 
that  we  obtained  access  to  the  timekeeper,  and  were  able  to  get  the 
particulars  always  freely  oifered  to  representiitives  of  the  press. 

The  little  party  of  the  six  English  i-eturned  to  Paris  on  the  follow- 
ing day  per  the  Paris  rapide,  which  occupied  1''  26'"  10'  more  io 
making  the  journey  than  had  Fournier  on  the  pi-evious  day. 

IV. — PARIS  TO   MERLIN.' 

On  the  27th  of  June,  li)01,  at  half-past  '6  in  the  morning,  the  official 
starter  of  the  Automobile  Club  of  France  sent  off  the  first  automobile 
from  Paris  for  Berlin,  and  in  turn,  every  two  minutes.  108  vehicles 
followed  after  the  first. 

The  day  before,  all  these  vehicles  had  been  put  in  first-mte  order  bj 
the  attendants  of  the  automobile  club  and  the  proprietors  had  paid  to 
the  customs  as  a  guaranty  that  they  woul<l  l>e  brought  lja<^^k  to  France 
12  per  cent  of  their  value,  which  amounted  to  the  handsome  sum  of 
1,2.50,000  francs.    ' 
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A  sportinjf  event  of  such  evidently  exeeptional  iniportHm-o  had 
Htirred  up  ult  the  automobile  world.  The  French  constructors  had 
gained  in  a  very  little  time  a  notable  place  in  the  new  industry  and  the 
machines  from  their  workshops  had  hitherto  led  all  othei's.  Few  for- 
eign competitors  had  entered  Ijcfoif,  but  this  time  England  and  Ger- 
many came  forward  prepared  for  a  serious  struggle. 

The  route  chosen  in  the  east  of  France,  Belgium,  Luxeml>ourg,  and 
Uerniany  was  hard  and  dangerous,  being  748  miles,  in  three  divisions 
{285  miles  from  Paris  to  Aix-la-Cbapelle,  278  miles  fi-om  Aix-la-Cha- 
pellc  to  Hanover,  and  185  miles  from  Hanover  to  Ilcrlin).  In  the 
second  and  thiid  divisions  the  naiTow,  uneven,  and  only  partly  paved 
roads  offered  very  unfavoi-able  conditions  to  the  pneumatic  tires  and 
there  were  no  cxiwotations  of  reaching  the  80  kilometers  an  hour  which 
had  easily  been  obtained  on  the  good  roads.  There  was  especial  need 
to  show  prompt  decision  and  coolness,  especially  as  the  populace  along 
the  road,  still  unfamiliar  with  the  new  method  of  locomotion,  was 
crowding  to  see  the  new  vehicles,  prompted  by  a  curiosity  which  only 
created  an  additional  ti-ouble  for  the  drivei-s. 

In  spite  of  all  these  difGcultics  the  winner  of  the  race,  Fournicr, 
mounted  on  a  French  automoltile  supplied  by  the  Mors  Company,  fur- 
nished with  Michelin  pneumatic  tires,  rem^hed  Berlin  in  16"  and  6", 
gaining  one  hour  and  a  half  on  the  Northern  Express;  and  this  exploit 
was  not  the  only  one,  for  following  it  Girardot  arrived  in  17"  and  1", 
Rem?  de  Knyff  in  17"  rt"",  while  among  the  light  vehicles  Giraud  took 
about  19"  and  SS™.  Louis  Renault,  in  the  Volturette,  111"  16™  and  25", 
and  Osmont,  on  a  simple  motocycle,  in  18"  Sll™  and  50*. 

We  have  endeavored  to  present  graphic  pictures  of  this  closely 
fought  contest,  and  to  bring  out  thereby  its  notable  chamct^'ristics. 

At  Aix-la-Chajjelh',  Fournier  arrived  in  the  midst  of  the  frenzied 
shouts  of  thousands  of  sp*'ctators.  the  crowd  pres.'ied  on  the  track  for 
more  than  three  kilometers,  refusing  to  oIkt  the  soldiers  who  were 
there  to  secure  order,  and  closing  the  entire  ixiadway  up  to  the  very 
last  minute,  when  a  trumpeter  in  pointed  helmet  sounded  a  call  at  the 
same  time  to  wai-n  the  troops  of  the  approach  of  the  vehicles  and  the 
too  enthusiastic  spectators  to  get  out  of  the  way.  The  automobiles 
were  afterwards  taken  to  the  park,  where  they  were  to  be  kept  under 
military  guard  until  next  day,  and  around  the  yet  hot  vehicles  still 
pressed  the  crowd.  Outside  the  barrier  there  vi&f  great  excitement  on 
the  arrival  of  every  new  automobile.  The  «ronstruct<»rs  sent  mcchanici:) 
charged  with  the  urgent  repairs  out  at  every  stage  of  the  road,  and 
they  wer<!  pressing  their  way  to  the  barriei-s,  eager  to  get  to  work,  for 
the  drivel's  have  jast  a  (juarter  of  an  hour  to  indicate  what  work  to  do, 
and  just  a  quarter  of  an  hour  only  to  repair  all  the  mjuries  suffered  by 
the  machines  on  the  road.  These  fifteen  minutes  elapsed,  at  the  com- 
mand of  the  constructor,  the  drivers  must  quit  the  spot,  after-wbichi 


»r,  the  drivers  must  quit  the  spot,  aftw-whichi 
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comes  the  turn  of  the  mechanical  »pci-.ialista  for  the  repairs  of  the 
"pneus,"  fhange  of  air  chambers,  and  lilte  delicate  work,  which  tbey 
accorapliuh  with  a  dexterity  which  is  almost  miraculous.  Finally,  it  is 
only  after  they  have  looked  for  all  these  things,  after  the  groomiog, 
so  to  apeak,  ofthe  racer,  that  the  chauffeur  in  his  turn  is  at  liberty  to 
think  of  taking  a  bath  and  of  enjoying  an  hour  of  well-earned  sleep. 

At  Hanover  the  crowd  Is  also  considerable,  and  the  reception  equally 
enthusiastic,  and  the  park  where  the  vehicles  are  taken  swarms  like- 
wise with  hurried  people,  dusty  machines,  and  long  rows  of  oil  cans. 

At  each  stage,  the  number  of  vehicles  sensibly  diminishes;  of  the 
109  which  left  Paris,  77  only  reached  Aix-la-Chapclle,  62  Hanover, 
and  only  45  got  to  Berlin.  The  arrival  at  Berlin  took  place  on  Satur- 
day, the  29th  of  June,  at  the  Hippodrome  of  the  West  End  Kailway, 
4  miles  out  of  town.  Everybody  in  the  city  of  Berlin  was  present, 
and  uniforms  were  mixed  with  pretty  toilets,  and  everything  ranging 
from  automobile  costumes  to  the  most  extraordinary  garments  being 
seen  together. 

The  morning  breeze  which  brought  up  clouds  of  fine  dust  jrilded  by 
the  sun,  united  in  the  same  folds  the  French  and  the  Geiman  banners. 

At  11''  45"  22',  Fournicr  arrived  at  full  speed,  and  in  an  instant  was 
covered  with  tri-color  crowns,  taken  from  bis  automobile,  and  carried 
•  off  in  triumph.  A  similar  ovation  attended  the  second,  Uirardot.  At 
this  time  the  enthusiasm  was  indescribable. 

At  3  o'clock  the  automobiles  went  through  Berlin  in  one  long  pro- 
cession saluted  in  their  pa.ss^e  by  frenzied  acclamations.  They 
made  a  sensational  entry  to  the  barracks  of  the  grenadier  of  the 
"Emperor  Alexander,"  where  they  were  to  be  classed  before  their 
departure  for  the  exhibition  of  automobiles  just  opened  in  Berlin,  of 
which  they  were  to  be  the  leading  feature.  It  was  one  of  the  most 
striking  circumstances  that  these  pacific  machines  .'^hould  go  into  this 
Geiman  barrack  with  its  prison  discipline,  and  it  vitm  curious  to  see 
with  what  wondering,  laughing  eyes  the  stiffly  moving  soldiers  looked 
at  their  sti-ange  visitors. 

The  prizes  to  the  winners  of  the  different  classes  were  awarded  as 
follows:  To  Fournier,  the  prize  of  the  Emperor  of  Germany,  of  the 
King  of  the  Belgians,  of  the  Gi-and  Duke  of  Luxembourg,  and  of  the 
city  of  Hanover.  Werner,  the  Sevres  vase  given  by  the  President 
of  the  French  Republic.  Uirardot,  the  prize  of  the  Grand  Duke  of 
Luxembourg. 

The  first  of  the  voiturettes,  Louis  Renault,  was  awarded  the  prize  of 
the  ministry  of  commerce. 

This  great  exhibition  of  automobilism  will  doubtle-ss  be  the  last  one 
of  its  kind  which  we  shall  see,  for  it  has  caused  several  accidents, 
doubtless  inevitable,  one  of  which  was  quite  severe,  a  child  having 
been  crushed  at  Rheims  by  one  of  the  automobiles  on  its  pass^e,  and 
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the  President  of  the  Chamber  of  Deputies  was  obliged  to  reply  to  Mr. 
G^raiilt-Rechard  who  had  spoken  for  those  affected  by  the  fatal  drama, 
that  the  Government  ahared  the  anxiety  of  the  public,  and  that  it 
would  try  to  prevent  the  recurrence  of  any  such  sad  accidents,  so  that 
probably  we  shall  see  no  more  of  such  raced  as  this. 

We  i^hall  not  greatly  regret  it.  These  tests  have  done  great  service 
to  the  constructors  and  to  industry  in  general,  and  we  shall  have  no 
future  need  of  demonstrating  that  an  automobile  can  go  a  hundred 
kilometers  an  hour  when  it  is  exceptionally  well  constructed  and 
driven  by  an  exceptional  man.  We  shall  be  able  to  find  other  and 
simpler  methods  of  demonstrating  the  celerity,  regularity,  and  endur- 
ance which  we  have  a  right  to  demand  after  the  tirst  year  of  trial  of 
this  new  locomotion. 
8M  1901 39 


Digitized  bvCoOgIC 


„Googlc 


THE  ERECTION  OF  THE  GOKTEIK  BRHXiE/ 


By  Day  Allen  Willky, 


What  in  known  as  the  (iokt«ik  Viadwt,  rei-oritly  wniipleted  in 
Burma,  Aula,  is  notable  for  ita  height,  Itmgth,  and  thf  remarkably 
short  time  in  which  it  was  built,  considoring  the  obstacles  to  be  over- 
come. As  the  bridge  was  planned  and  the  material  made  in  this  t-oun- 
try,  and  most  of  the  im^Ktrtant  work  was  done  by  Americans,  it  forms 
another  indication  of  the  progress  which  our  bridge-building  industry 
is  making  abroad.  The  structure,  which  is  located  aliout  HO  miles 
from  Mandalay,  connects  portions  of  the  line  of  the  Burma  Railway 
Company  between  Mandalay  and  Rangoon.  It  is  one  of  the  long 
railway  bridges  of  the  world,  I>eing  2,^60  feet  in  length,  and,  with 
two  exceptions,  it  is  the  highest,  the  railway  track  being  SiO  feet  above 
the  natural  bridge  which  forms  its  foundation.  The  famous  Ijoa  Via- 
duct in  South  America  is  336  feet  high,  hut  only  80(>  feet  in  length. 
The  Peoos  Viaduct  in  Texas  is  321  feet  in  height,  but  80  feet  shorter 
than  the  Gokteik  structure,  while  it  contains  but  1,820  tons  of  metal. 
The  new  Kinzua  bridge  on  the  Erie  Railway  in  Pennsylvania  is  but 
2,035  feet  long  and  1»  feet  lower  at  its  highest  point,  although  it  con- 
tains 3,250  tons  of  metal. 

The  erection  of  the  bridge  was  begun  Det'iember  1,  185W,  and  com- 
pleted on  Octolxsr  lO,  llt(Hi,  the  construction  force  consisting  of  35 
employees  of  the  Pennsylvania  Steel  Company,  which  Umk  the  con- 
tract; 15  Europeans,  and  about  450  native  lalwrers,  secured  princi- 
pally from  the  vicinity  of  Calcutta,  India.  The  plans,  which  were 
prepared  by  Mr.  .f.  V,  W.  Reynders,  sui>erintoiident  of  bridge  con- 
struction of  the  Pennsylvania  Company,  called  for  a  scries  of  14  single 
towers,  one  double  tower,  and  a  rm.'ker  bent,  which,  with  the  abut- 
ments, carry  ten  120-foot  truss  spans  and  seven  60-foot  plate-girder 
spans.  The  viaduct,  for  281  feet  at  one  end  and  341  feiit  at  the  other 
end,  is  curved  to  a  radius  of  800  feet,  and  I»etween  these  two  curves 
there  in  a  tangent  of  1,638  feet.  The  height  of  the  structure  above 
the  ground  is  130  feet  at  one  end  and  213  feet  at  the  other  end.  The 
viaduct  was  designed  to  carry  a  double-track  road  and  a.  foot  walk,  but 
the  floor  system  for  the  foot  walk  and  one  tra<'k  only  is  constructed  at 
■Keprinte'l,  by  ptrmiseion,  from  the  Scientiiic  Ameriiain,  August  17,  1901. 
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present.  The  single  towera  consist  of  two  transvtTHO  trestle  I>ent8, 
braeed  together  in  all  directions.  The  double  tower  consii^ts  of  three 
trestle  bents.  So  far  as  praetiewble,  the  members  of  all  bentu  were 
made  interchangeable. 

Except  seven  plate-girder  spnns,  loeat^'d  at  the  end«  of  the  viaduct, 
all  of  tiie  connecting  spans  are  iiiado  up  of  two  l^ii-foot  de<'k  tnL-aos. 
These  trusses  carry  27-in(rh  plate-girder  floor  beams  spai-ed  13  feet 


apart,  whicli  in  turn  support  the  tmck  stringers.  The  top  flanges"^ 
tlie  trusses,  tloor  beams,  and  stringers  are  made  flush,  and  are  covered 
over  with  a  solid  floor  of  Jive-si.\tccnth  inch  flat  plates. 

To  handle  the  material  a  special  traveler  was  designed  and  cod- 
struet^'d  at  the  works  of  the  Pennsylvania  Company,  shipped  to  A-M 
with  the  bridge  material,  and  put  together  at  the  gorge.  This  in  ^y 
far  the  largest  traveler  ever  built,  having  an  overhang  of  165  ff** 
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and  weighing  8(1  tons.  Its  maximuni  lifting  capacity  is  30  tons. 
It  consists  of  3  triisses,  two  of  which  arc  connected  by  transverse 
bracing,  built  on  the  cantilever  pkn,  each  being  219  feet  in  length, 
40  feet  in  height,  and  separated  by  a  width  of  34i  feet.  The  lower 
chords  of  the  traveler  .supported  four  trolleys,  each  provided  with 
a,  chain  hoist  having  a  lifting  capacity  of  16  tons.  Powerful  clamps 
were  especially  de-signed  for  faoldine  the  rear  end  of  the  traveler 
to  the  girders  of  the  viaduct,  and  it  was  supported  on  a  series  of 
wheels  enabling  it  to  be  easily  moved  as  the  work  progressed. 
Most  of  the  material  was  lowered  from  above  by  the  traveler.     In 


erecting  the  towers  ci-ori.sing  the  deepeit  portion  of  the  gorge  ji  tem- 
porary track  was  liuilt  on  a.  wooden  trestle  at  an  elevation  of  iil>out 
Km)  feet  above  the  basf ,  and  material  for  the  lower  parts  of  the  towci-s 
hiuiied  to  the  spot  and  transferred  to  their  positions  by  special  derricks. 
An  idea  of  the  <juaiitity  of  material  placed  in  position  can  lie  gained 
when  it  is  stated  that  it  comprised  most  of  the  t^argocs  of  three  steaiii- 
■ihips,  and  when  loaded  on  the  cars  at  Steelton,  Pennsylvania,  repre- 
sented a  solid  train  li  miles  long.  The  erection  plant  alone  weighed 
2r>u  tons,  and.  in  addition  to  the  traveler,  included  three  hoisting 
engines,  n  series  of  air  compressors,  a  telephone  system  for  communi- 
cation between  the  gangs  working  at  each  end  of  the  viaduct,  uid  the, 
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neoest<ary  ohisels,  hairimers.  and  other  tools  for  brid^  constructioD.  | 
At  the  outlet  heavy  raiiiN  interfered  ivnsidenibly  ^vith  the  progi"e&* 
of  the  work,  the  violence  of  the  Ntorma  being  so  great  that  it  wau  sel- 
dom possible  to  do  any  work  l>etween  noon  and  sundown.  The  tem- 
perature i-anged  from  below  the  freezing  point  at  nig'ht  to  over  W- 
in  the  shade  in  the  forenoon.  Another  delay  was  cautited  bj  the  refusal 
of  the  native  laborei's,  on  account  of  their  superstition,  to  use  com- 
pressed  air  in  riveting,  and  nearly  all  of  this  was  done  by  hand,  although 
the  plans  called  for  19:2,000  rivets  in  the  field  work  alone. 
The  UKual  plan  followed  in  bridge  construction  of   indicating  the 


Vii'u'  !■[  triv.-kTiiliiiwlii)!  upimalie  aiJu  ol  ([org«  In  tlie  dlsUiuco. 

locations  of  different  parts  by  niiaibers  and  letters  could  not  be  fol- 
lowed ill  thiswise  owing  to  the  ignorance  of  the  natives;  so  a  color 
scheme  was  luloptcd,  by  which  each  column  and  girder  was  given  a 
distinctive  color,  and  the  joints  between  the  columns  painted  witb  a 
combination  of  stripes.  All  the  erection  outfit  was  painted  black  to 
distinguish  it  from  the  bridge  material  proper.  In  this  way  the  thou- 
sands of  piece.-i  were  bandied  and  put  in  position  without  difficulty- 
In  beginning  the  construction  of  the  viaduct  the  steel  was  hauled  to 
the  end  of  the  track  and  deposited  in  a  temporary  .ntorage  yard  in  sucb 
a  manner  that  it  could  Iw  lifted  by  the  tra\eler.  Thus  the  first  towers' 
were  erected.     As  these  wei-e  placed  in  position  the  superstructure  was 
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fastened  to  them  and  tbe  traveler  moved  foi-ward.  Then  the  material 
was  loaded  on  flat  cars,  puxhed  out  upon  tbe  bridge,  and  transferred 
fi*oin  the  cars  into  position. 

Owing  to  tbe  beigbt  of  tbe  bridge  and  the  extreme  cnanges  in  tem- 
perature careful  provision  bad  to  be  made  both  for  tbe  wind  pressure 
and  tbe  unusual  contraction  and  expansion  of  tbe  metal.  Tbe  bridge 
was  built  to  carry  a  load  of  2,240  pounds  to  each  linear  foot  of  track, 
in  addition  to  two  locomotives,  each  weighing  54  tons.  It  is  to  with- 
stand a  wind  pressure  of  about  34  pounds  per  square  foot  when  a  train 
b  upon  it,  and  about  56  pounds  per  square  foot  at  other  times.  These 
calculations  were  made  by  the  consulting  engineers  of  the  i-ailway 
company — Messrs.  Sir  Alexander  Kendel  &  Co.,  of  London,  repre- 
sented by  Mr.  W.  H.  Clark.  Tbe  viaduct  was  erected  under  the 
supervision  of  Mr.  D.  Duchars,  chief  engineer,  and  Mr.  J.  A.  White, 
resident  engineer. 

As  already  stated,  a  portion  of  the  viaduct  in  located  upon  a  natural 
bridge.  This  is  a  rocky  formation  which  is  just  wide  enough  to  safely 
support  the  towers.  Two  hundred  feet  below  its  summit  flows  a  river 
which  has  forced  a  channel  l>eneath  the  formation,  so  that  the  total 
height  of  the  bridge  above  tbe  water  is  520  feet. 
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By  Fbancib  Fox,  Esq.,  M.  Inst.  C.  K.,  M.  R.  L 


The  subject  for  this  eveoing's  discourse  is  that  of  the  three  ^reat 
tuDuels  through  the  Alpa,  viz,  the  Mont  Cenis,  the  St.  Gothard,  and 
that  which  is  now  in  course  of  construction — the  Simplon. 

But  before  dealing  with  the  detuils  of  these  particular  works  it  will 
be  desirable  to  consider  what  tunneling  is,  and  also  some  of  the  more 
remarkable  instances  of  it  in  bygone  days. 

One  great  drawback  in  connection  with  the  subject — so  far  as  a  dis- 
course is  concerned^s  its  unsuitahility  for  the  photographic  art. 
Unlike  a  battle  ship,  or  a  splendid  bridge,  or  a  grand  block  of  build- 
ings, which  can  be  made  into  line  views  and  pictures,  the  work  of  the 
mole  is  hardly  adapted  to  the  sensitive  plate.  I  therefore  propose  to 
make  use  of  the  "  language  of  the  pencil,"  and  to  make  a  few  rough 
sket^^hes  on  the  blackboard.  By  these  means  I  trust  1  may  be  able  to 
explain  some  of  the  difficulties  which  have  to  be  encountered,  and  also 
show  how  a  tunnel  is  constructed.  The  child's  definition  of  drawing, 
"first  you  think  and  then  you  draw  a  line  round  your  think,"  will 
come  to  our  aid. 

The  art  of  tunneling  dates  back  to  very  remote  ages,  and  there  are 
records  of  such  works  which  were  constructed  five  hundred  to  six  hun- 
dred years  before  the  Chi'isti^  era. 

An  intei'esting  account  is  given  by  one  of  your  most  distinguished 
members,  in  an  article  in  the  Encycloptedia  BritannicA,  of  the  tunnel 
under  the  River  Euphiutes,  at  Babylon.  This  city,  similar  in  some 
respects  to  London,  lay  half  on  one  side  and  half  on  the  other  side  of 
the  river.  High  walls,  penetrated  by  occasional  gates,  surrounded  the 
city  and  lined  eaih  of  the  banks  of  the  river.  These  gates  {of  which 
a  pair  of  the  great  hinges  can  he  seen  in  the  British  Museum)  were 
closed  at  night  and  during  war;  and  a  tunnel  was  con.structed  below 
the  l)cd  of  the  river  by  means  of  what  is  technically  known  as  the 
"cut-and-cover"  system.  In  those  days  the  Greathead  shield  was 
unknown,  and  consequently  the  river  had  to  be  diverted  so  that  the 
excavation  could  be  made  in  the  dry  bed  and  cut  open  to  daylight,  the 

■Reprinletl  from  Pr.H-ewlmaH  of  Ihe  Royal  Instiliitioii  of  (Jrcat  Britain,  Vol.  XVI, 
I'art  1, 1901.  Kcail  at  weekly  evc-niiij:  ineelinf;,  Friday,  May  25,  lUOO.  Hie  Grace  the 
Duke  of  North uiu be rla nil,  K.  G.,  F.  S.  A.,  (ireeident,  in  the  chair.  ,->  . 
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arch  being  built,  the  ground  restored,  and  the  river  allowed  to  resume 
its  former  course.  The  tunnel  is  said  to  have  been  15  feet  in  width 
and  12  feet  in  height,  built  of  brick. 

Herodotus  gives  an  account  of  the  diversion  of  the  river  into  a  great 
excavation  or  artificial  lake  40  miles  square,  and  stateci  that  the  besieg- 
ing enemy,  so  soon  as  the  water  was  drawn  off.  entered  into  the  citv 
by  the  river  bed.    It  is  believed  that  this  same  excavation  was  made 
use  of  for  the  construction  of  the  tunnel.     It  is,  however,  desirable  to 
state  that  doubts  have  been  thrown  on  the  subject,  and   it  is  possible 
that  it  may  have  to  be  relegated  to  mythology. 
The  next  instance  of  a  tunnel  is  that  referred  to  by  Herodotus  in 
the  Island  of  Samoa,'  and  it  is  satisfactory  to  know 
thatalthougb  very  considerable  doubts  were  expressed 
as  to  the  accuracy  of  bis  statements,  recent  investi- 
gations  prove   that  he   was   exactly    correct,    Tbe 
description  given  by  him,  when  expressed  in  Engli-'ili 
woixls  and  figures,  is  as  follows: 

"They  have  a  mountain  which  is  910  feet  in  heigbt: 
entii-ely  through  this  they  have  made  a  passage,  the 
length"  of  which  is  1,4:16  jards.  It  is,  moreover. 
8  feet  high  and  as  many  wide.  By  the  side  of  tbw 
there  is  also  an  artificial  canal,  which  in  like  manoej 
goes  quite  through  the  mountain;  and  though  onlr^ 
feet  in  breadth,  is  30  feet  deep.  This,  by  the  meant 
of  pipes,  conveys  to  the  city  the  waters  of  a  copio"* 
spnng." 

The  commentators  on  this  passage  say  that  Hero- 
dotus must  have  made  a  mistake,  but  the  Kev.  H.  f- 
Fio.i.-crtmiieciioii    Tozer,  in  his  book  The  Islands  of  the  ,/Egean,  p«g« 
ot  the  Aqueduct  of    167,  gives  the  results  of  a  personal  visit. 
S"nJr«.""        He  says  the  tunnelrftit  7  to  8  feet  in  width;  that 
two-thirds  of  its  width  is  occupied  by  a  foo^tb,  the 
other  third  being  a  water  course,  30  feet  deep  at  one  end.     He*"" 
other  writers  consider  that  insufficient  allowance  was  made  for  tie  ibU 
of  the  water,  and  that  the  water  channel  had  to  be  deepened.    T-o 
describe  it  in  more  modern  language,  the  resident  engineer  evidenw? 
made  a  mistake  in  his  levels,  necessitating  a  much  deeper  excavation 
than  was  at  first  anticipated. 

Another  and,  if  possible,  a  more  interesting  instance  of  tunneling 
is  that  described  in  the  Pi-oceedings  of  the  Palestine  Explora*'"" 
Society,  in  connection  with  the  Pool  of  Siloam,  made  by  Rezeka"^ 
B.  0.  710,  2  Kings,  XX,  20."     (See  fig.  2.) 

About  710  B.  C.  a  tunnel  was  driven  from  the  spring  to  the  ^^"^ 
by  actual  tunneling — the  work  being  commenced  at  the  two  cnds,arwJ 
by  shafts,  and  the  workmen  met  in  the  middle.     The  tunnel  was  only 

•Herodotus,  III,  p.  60.  "  PalesUue  E^lora^ipi^  1^^  f^ 
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2  feet  in  width,  and  3  feet  in  height,  except  at  the  probable  point  of 
meeting,  where  the  height  is  4  feet  6  inches.  The  length  is  1,708  feet, 
and  there  i»  a  fall  of  1  foot  in  this  distance.  About  the  middle  of  it^ 
coui-!^  there  are  apparently  two  false  cuts,  as  if  a  wrong  direction  had 
been  taken;  but  possibly  these  were  intentional,  and  provided  passing 
places  for  the  workmen  and  material. 

On  the  soffit  of  the  tunnel  is  carved  an  inscription,  of  which  the  fol- 
lowing is  a  translation : 

"Behold  the  excavation.  Now  this  had  been  the  history  of  the 
excavation.  While  the  workmen  were  still  lifting  up  the  pick,  each 
toward  bis  neighbor,  and  while  3  cubits  (4  feet  6  inches)  still  remained 
to  cut  through,  each  heard  the  voit-e  of  the  other,  who  called  to  his 
neighbor,  since  there  was  an  excess  of  rock  on  the  right  hand  and  on 
the  left.  And  on  the  dav  of  the  excavation  the  workmen  struck  each 
to  meet  his  neighbor  pick  against  pick,  and  there  flowed  the  waters 
from  the  spring  to  the  pool  for  1,200  cubits  (1,820  feet),  and  100  cubits 
(151  feet)  was  tne  height  of  the  rock  over  the  head  of  the  workmen." 

A  Roman  engineer  gives  an  account  of  a  tunnel  which  was  being 
driven  under  his  directions  for  an  aqueduct.     And  as  he  was  only 


able  to  visit  the  work  (M-casionully,  he  describes  bow  on  one  of  his 
visits  he  found  the  two  headings^  had  missed  each  other,  and  he  says 
that  had  his  visit  been  deferi-ed  much  longer  there  would  have  been 
two  tunnels. 

The  accurate  meeting  of  the  heading.s  or  driftways  of  a  tunnel  can 
only  be  attained  by  the  exercise  of  great  care,  both  as  regards  direc- 
tion lui  well  a-i  level. 

We  need  not  go  very  far  to  find  instances  of  such  an  error  as  inac- 
curate meeting,  but  there  is  one  well-known  case  on  an  important 
main  line  in  the  Midland  counties  where  the  engineers  failed  to  meet, 
and  to  this  day  reverse  curves  exist  in  the  tunnel  to  overcome  the 
difficulty. 

To  attain  this  accurate  meeting  fine  wires  are  hung  down  the  shafts 
of  a  tunnel,  with  heavy  plumb  bobs  suspended  from  them  in  buckets 
of  water,  or  of  tar,  to  bring  their  oscillations  to  rest,  the  accurate  direc- 
tion being  given  by  means  of  a  theodolite  or  transit  instrument  on  the 
surface. 

The  wires  are  capable  of  side  movement  by  means  of  a  delicate 
instrument  (which  is  on  the  table),  and  are  gi-adually  brought/exactlv  i 


620  THK   GRKAT    ALPINK   TUNNELS. 

into  the  same  vertical  plane;  hence,  if  they  are  correct  at  "  bank,'"or 
surface,  they  must  also  be  correct  below  (ground.  The  engineers 
below  have  to  drive  the  galleries  or  headings  so  that  only  one  wire  L- 
visible  from  their  instrument;  so  long  as  one  wire  exactly  eclipses  the 
other  wire,  the  gallery  is  being  driven  in  the  right  diret-tion. 

As  regards  accuracy  in  levels,  this  is  done  by  ordinary  leveling;  liut 
it  will  be  seen  at  once  how  nmch  depends  on  care  liein^  devoted  !■> 
both  these  operations. 

Assume  two  shafts,  1,000  yards  apart,  between  which  a  gallery  has 
to  be  driven,  and  allowing  a  distance  of  10  feet  between  the  wireti, 
which  are  one-fortieth  inch  in  diameter,  an  error  of  the  diameter  of 
the  wire  at  the  shaft  will  cause  a  mistake  of  nearly  i  inches  atj^point 
of  meeting,  or  of  7^  inches  if  a  similar  error  occurs  at  the  of^r  tiafl 
in  the  opposite  direction.  The  trickling  of  water  down  tb«.'wirft' 
increases  their  diameter  so  appreciably,  and  therefore  condaccs  to 
further  inaccuratiy,  that  it  is  found  necessary  to  fix  a  small  sWeld  or 
umbrella  on  the  wire  to  deflect  the  water,  (This  shield  is  to  ^  »«'" 
on  the  table.) 

Some  years  agi>,  a  tunnel  which  had  lM>en  conmienced,  but  not  tin- 


ished,  had  to  be  comploted.  The  first  thing  to  l)e  done  by  the  en^- 
neers  wa.s  to  make  an  u<'cui'atc  survey  of  the  then  condition  of  tbe 
work — this  rough  sketch  (see  tig.  H)  indicates  what  was  discovered. 
The  explanation  given  by  the  former  "ganger"  was,  that  he  fo\ina 
the  i"ock  too  hard,  and  he  thought  that  by  bearing  round  somewlmt  to 
the  right  he  might  get  into  more  easily  excavated  material! 

When  the  wires  are  hung  down  the  .shaft  it  i»  sometimes  almost 
impossible  to  prove  that  they  are  not  touching,  and  consequen")" 
being  deflected  from  the  true  vertical  line  by  some  rope  or  pipCj  stag" 
ing  or  timber  in  the  shaft.  To  overcome  this,  an  electrical  current 
was  passed  down  the  wire — a  galvanometer  being  in  circuit.  If  i"' 
wire  proved  absolutely  silent,  and  no  deflwtion  was  obtained  in  tlif 
galvanometer,  the  conctu.sioii  could  lie  safely  drawn  that  the  wire  "'*' 
hanging  freely  and  truly. 

Jn  diiving  the  neces-sary  adit  or  heading  for  drainage  punwy" 
l)eiieath  a  subaqueous  tunnel,  a  rising  gradient  froui  the  shaft  bottai" 
of  1  in  50(f  is  allowed,  to  enable  the  water  at  the  '■  face"  to  flow  o'^V 
from  the  workmen  to  the  pumps  in  the  "sump"  or  shaft  bottom  (■■** 

tig.  4).  „,  ,,   C\h>'^Ic 
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When  the  heading  is  driven  suffieiently  forwiird  to  justify  the 
commeni-enicnt  of  the  main  tunnel,  a  fresh  difficulty  presf.-nts  itself. 
Thi"  main  tunnel  has  to  l>e  driven  down  hill,  and  consequently  the 
water  collects  at  the  working  face  A;  the  bottom  can  not  therefoiv  he 
removed  until  a  lK>re-hole  is  put  down  from  A  to  a.  When  this  Is 
(lone  the  remaining  excavation  c^n  l)e  taken  out,  and  a  further  length 
of  tunnel  driven  to  B.  A  b<:)re  hole  is  now  sunk  fi"oin  B  to  />,  whilst 
that  from  A  to  k  can  be  plugged  up;  and  thus  the  tunnel  is  gradually 
advanced. 

By  the  adoption  of  the  Greathead  shield  much  of  this  difficulty  can 
be  avoided;  but  one  sulmqueous  tunnel  through  water- Iwiiring  strata, 
at  considerable  depth,  is  sufficient  for  a  lifetime. 

As  an  illustration  of  the  danger  to  which  men  are  exposed  in  such 
work,  it  is  Ntated.  with  much  regret,  that  in  a  ceitain  tunnel,  notwith- 


standing every  precaution  being  taken,  all  the  men  engaged  in  driving 
the  drainage  heading  by  means  of  a  tunneling  machine  have  died; 
and  in  the  case  of  the  first  Vyrnwy  tunnel  crossing  of  the  River 
Mei-sey— driving  l)y  (Jreathead  shield  under  pres.sui-e — the  mortality 
was  great. 

Having  explained  in  very  gcnei-al  terms  some  of  the  difficulties  of 
tunnel  construction,  we  will  prot^eed  to  the  case  of  the  gr^^t  tunnels 
through  the  Alps,  and  for  the  jmrpose  of  rendering  the  subject  more 
easily  intelligible,  the  following  particulars  may  he  given: 


Lvnfllh  tit  tnnnci  in  mllm... 

Siiuih  nr  wcl  portal  alnivf  « 

Highe-l  level 

Miilmum  jcradv  In  iiiiinf  I  ■> 
MBiimumht-lshtortnoliiilH 
Powlbit;  mBiiinum  icmixTHl 
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HONT  CBNIS  TUNNEL. 

The  Mont  Cenis,  or  as  it  18  more  accurately  called,  the  Frejm  Tun- 
Del,  in  nearly  8  niileti  in  length.  It  is  for  a  double  line  of  way,  width 
being  26  feet  and  height  above  rails  20  feet  6  incheu.  The  constnir 
tion  is  of  excellent  character,  and  it  is  lined  throughout  with  eithcf 
masonry  or  brickwork,  except  for  two  lengths  of  100  meters  and  '•" 
metera,  respectively.  In  these  two  lengths  solid  white  quartz  wi- 
encountered,  and  two  years  were  occupied  in  penetrating  it.  The  i^il- 
lery  of  direction  in  straight  throughout  the  actual  tunnel,  being  cuned 
away  to  the  portals. 

The  system  of  setting  out  will  be  descril>©d  in  more  detail  when  «<■ 
come  to  consider  the  case  of  the  Himplon,  but  in  passing  we  iiu.v 
remark  one  peculiarity  which  does  not  attach  to  the  other  tunnels,  vii. 
that  the  gallery  of  din>ction  on  the  Italian  side  is  shut  off  by  a  maasivi 
grating  from  the  railway  tunnel,  and  is  occupied  by  guns  and  Gatling^ 
and  by  a  detachment  of  artillery,  the  French  portal  being  commands 
by  an  armor-plated  fort. 

The  approaches  to  the  tunnel,  both  on  the  Italian  and  French  sidos 
are  severe,  amounting  to  30  per  1,000  or  1  in  33  on  the  former,  and  i' 
per  1,000  or  1  in  40  on  the  latter. 

Owing  to  an  alteration  during  construction  on  the  Bardonnecbia 
side,  it  bexiame  necessary  to  inti-oduce  an  ascending  gradient  for  about 
1  kilometer  in  length  at  the  Italian  end  of  the  tunnel,  and  this  I* 
resulted  in  seriously  compromising  the  ventilation 

A  rough  diagram  will  serve  to  give  an  idea  of  the  gradieota  and  thf 
consequent  difficulty  in  working  the  traffic. 

Trains  coming  from  France  with  an  ascending  gradient  of  1  in  ^' 
against  them  for  a  length  of  7  kilometers,  when  followed  by  a  currpn* 
of  air  in  the  same  dirtn-tion,  produce  a  most  disastrous  state  of  things 
In  this  tunnel,  as  in  all  other  steep  tunnels,  engines  having  a  heavy  \<»^ 
behind  them  go  through  with  their  regulator  full  open,  ejecting  great 
volumes  of  smoke  and  .steam,  which  travel  concurrently  with  the  train, 
and  the  inconvenience  and  discomfort  produced  are  very  great 

At  each  kilometer  in  the  tunnel  a  refuge  or  "grande  chambre 'i" 
provided  for  the  men,  and  this  is  supplied  with  compressed  air,  fr^'^'' 
water,  a  telephone  in  each  direction  out,  a  medicine  chest,  barometfr- 
and  thermometer. 

The  custodians  of  the  tunnel  go  in  pairs,  and  if  one  man  is  affect 
by  the  want  of  oxygen  or  dense  smoke,  the  other  can  render  assieto"** 
or  telephone  for  further  help.  The  men  can  retire  into  these  chMO- 
hers,  close  the  door,  turn  on  the  air,  and  wait  either  for  the  tunnel  to 
clear  or  for  a  locomotive  to  fetch  them  out. 

The  temperature  in  the  middle  of  the  tunnel  remains  nearly  «"*' 
stant,  summer  and  winter,  and  is  about  ly^  to  20'^  C.  =  66°  to  6S^  ^■ 

The  altitude  of  the  tunnel  is  4,248  feet  above  sea  level,  and  ^ 
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heightof  the  mountain  above  the  tunnel  in  5,428  feet;  the  temperature 
of  the  rock  is  greatly  influenced  by-tbia  latter  fact 

The  question  of  the  temperature  of  the  rocks  passed  through  in  the 
construction  of  a  tunnel 
is  one  of  great  interest, 
as  it  depends  upon  sev- 
eral conditions:  (l)  The 
character  of  the  rock; 

(2)  the  inclination  of  the 
beds,  those  which  attain 
a  vertical  or  nearly  ver- 
tical position  being  less 
able  to  confine  the  heat 
than  those  which  are 
more  or  less  borizunta); 

(3)  the  height  of  the 
mountain  above  the  tun* 
nel,  or,  in  other  words, 
the  thickness  of  the 
blanket. 

A  diagram  is  shown 
(see  fig,  5)  giving  the 
temperature  actually 
encountered  in  the  St. 
Gothard  and  Arlberg 
tunnels,  and  from  these, 
aided  by  the  carefully 
prepared  geological  sec- 
tion along  the  center 
line  of  the  Simplon  Tun- 
nel, an  approximate  lino 
(in  red)  is  given  of  the 
temperatures  which  are 
expected. 

The  possibility  of 
cooling  the  rocks  and 
the  air  of  the  tunnel  will 
he  dealt  with  later  on, 
but  there  is  in  addition  , 
a  permanent  lowering 
of  the  temperature  after 
the  tunnel  is  complete, 
particulara  of  which  will  be  given  under  the  description  of  the  St. 
Gothard. 

For  each  144  feet  of  superincumbent  rock  or  earth  the  increase  is    ■ 
found  to  be  1°  F.  .  .tU^glC 
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THE    ST.  GOTIIARD   TUNNEL. 


This,  which  is  at  present  the  longest  railway  tunnel  in  the  world,!' 
d.3  miles  in  length,  and  constitutes  the  summit  of  the  "GothanI 
bahn"— that  is,  the  railway  which  runs  from  Lucerne  to  Chiasso  m 
the  Italian  frontier.  There  are  al>out  IW  tunnels  in  all,  most  of  whidj 
are  for  double  line  of  way,  the  permanent  way  being  very  heavy,  ll- 
rails  weighing  10)  pounds  to  the  yard. 

The  altitude  of  the  tunnel  at  its  north  portal  is  3,639  feet,  and  at  it 
south  portal  3,757  feet  above  the  sea.  A  gallery  of  direction  *»• 
driven  throughout,  and  the  gradient  of  the  rails  is  only  such  as  to  pf" 
vide  for  efficient  drainage,  viz.,  5.82  per  1,0CK),  or  about  1  in  179. 

The  following  table  may  be  of  interest,  giving  the  result  of  investi- 
gations as  to  the  cooling  of  the  rocks: 


[D^r. 

UBorenmligrartp.) 

when 

1.3  kill),  fmm  the  north 
porlaJ. 

7.(Vikllo.(ronitfi»«'i'" 
portal. 

tale. 

LowciJ»«. 

j        Loirerli*. 

Temper-  — ,— " 

■lure.    1  BOON*  U.W, 

April  and  May,  UWO,  the  yea 

«      „     . 

30.  GS 

■i2.20           1.5S   "■»."» 
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Although  the  works  were  oirried  on  with  energy,  and  with  all  ^ 
best  appliances  then  known,  the  time  occupied  was  ten  j'ears;  buttbf 
most  serious  feature  of  the  work  was  the  heavy  mortality  among  "" 
men.  No  less  than  600  deaths  occurred,  including  those  of  boththf 
engineer  and  contractor. 

From  the  experience  then  gained  groat  improvement  have  been 
introduced  into  the  works  of  the  Simplon,  a«  will  be  described  '■'*' 
on;  but  the  heavy  lass  of  life  in  the  St.  Gothard  was  duo  to  inHufficif"' 
ventilation,  the  high  temperature,  the  exposure  of  the  men  to  ttf 
Alpine  climate  after  emerging  from  the  tunnel,  the  want  of  care  s-^ '" 
the  changing  of  the  men^s  wet  mining  clothes,  and  the  poor  cbBracter 
of  he  food  with  which  the  men  supplied  themselves.  All  this  h*'' 
been  greatly  ameliorated,  and  even  in  English  tunnels  certain  improve- 
ments have  been  introduced  which  were  brought  fivam  Switzerland. 

The  traffic  through  the  tunnel  has  so  lai-gely  increased  that  thequ^i*- 
tion  of  ventilation  became  of  pressing  impor  ance,  and  the  system  "' 
Signor  Saccardo,  the  well-known  Government  inspector  of  rail"'V 
and  engineer  of  Boli^na,  ha»  t)een  installed,  which  is  an  ingenious 
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ppiication  of  the  injector  sjatem.  One  of  the  first  introductions  of 
nin  method  was  in  tbecai^e  of  the  Prscchia  Tunnel,  on  the  main  line 
■ctween  Florence  and  Bologna,  through  the  Apennines.  This  is  a 
ailway  of  single  line,  and  was  built  many  years  ago  by  the  late  Mr, 
trasscy.  There  are  52  tunnels  in  all,  but  those  on  the  eastern  side 
re  of  comparatively  little  importance.  On  the  western  slope  the 
gradient  nearly  throughout  is  25  per  1,000  (or  1  in  40),  a  d  it  is  here 
he  greatest  difficulty  exists.  There  are  several  tunnels  whose  lengths 
ipproximat«  to  1,000,  2,000,  and  3,000  yards,  and  the  traffic  is  both 
leavy  and  frequent,  the  locomotives  very  powerful,  with  eight  wheels 
loupled. 
Under  any  conditions  of  wind  the  state  of  the  longest  tunnel  is  bad, 


torn  ot  TentlUHIng  til 


hut  when  the  wind  is  blowing  in  at  the  lower  end  nt  the  same  time 
that  a  heavy  goods  or  passenger  train  is  ascending  the  giiidient  a  state 
of  allairs  is  produced  which  is  almost  insupportabli',  and  one  might  iis 
ronveniontly  travel  in  a  furnace  flue. 

A  heavy  ti-ain  of  dining  and  sleeping  carriugt-^,  with  two  engines, 
conveying  one  of  the  crowned  heads  of  Europe  and  suite,  arrived  ut  the 
exit  of  Pracchia  tunnel  with  both  enginemen  and  both  firemen  insen- 
sible; and  in  other  cases  passengers  have  been  seriously  affected. 

Owing  to  the  height  of  the  mountain,  no  shafts  are  available:  hut 
Signor  Siircardo  places  a  ventilating  fan  near  the  mouth  of  the  tunnel 
and  blows  air  into  it  through  the  annular  space  which  exists  between 
the  arch  of  the  tunnel  and  the  gauge  of  maximum  construction.     (See 

8M  1901^ 40  CoOgIc 
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fig.  a.)    The  resulteare  remarkable;  tbe  volumeu  of  sir  thrown  ir 
the  tunnel  per  minute  being  at)  follows: 

Onbiet 

Direct  from  the  fan , lill.i 

Induced  draft  through  open  tunnel  mouth 4H.' 

Total MO.I 

or  100  cubic  nietere  per  second. 

The  temperature  of  the  tunnel  air  before  the  fan  was  started  w 
107'^  F.,  with  97  per  cent  of  moisture,  whereas  after  the  fao  bad  bf 
running  a  few  minutes  the  temperature  was  81°  F.,  or  a  loweiini; 
26*^  F.,  and  the  tunnel  was  cool  and  free  from  smoke  and  vapor. 

One  can  travel  through  with  both  windows  open  and  feel  no  idt" 
venience,  the  only  remark  of  the  brakeman  riding  on  tbe  top  of  tl 
wagons  and  carriages  being  that  he  finds  it  almost  too  cold. 

This  application  is  without  doubt  the  solution  of  tbe  diflScult  pm' 
lem  of  tunnel  ventilation  under  high  mountains  and  elsewhere  whii 
shafts  are  not  available  and  where  electric  traction  is  not  appIicaWf. 

This  system  has  within  tbe  last  twelve  months  been  brought  ini 
operation  on  the  St.  Oothai-d,  with  the  most  satisfactory  results.  i'»'' 
ful  experiments  are  being  made,  but  there  is  no  doubt  that  the  pr<'' 
lem  has  been  solved. 

In  addition  to  these  tunnels,  the  Saccardo  eysten]  has  been  appli'' 
to  tbe  Giovi  Tunnel,  near  Genoa — 3,300  meters  in  length — and  is  hein; 
installed  on  the  Giovo  Tunnel  on  the  Genoa-Ronco  Railway,  H.3" 
metci-s  in  length,  I>e8ides  on  some  seven  other  tunnels  in  Italj,  ^ 
plans  are  being  prepared  for  the  Mont  Cenis. 

THE  SIHPLON  TUNNEL. 

This  tunnel  is  now  in  rapid  course  of  constiniction,  the  total  If"?' 
of  gallery  driven  up  to  end  of  April  being  as  follows: 

On  the  north,  or  Brigue,  adeot  the  Alps i" 

On  the  south,  or  leelle,  side  of  the  Alps 2.5" 

or  over  3  miles  in  little  more  than  eighteen  months,  including  the  neceaaaril)"''" 
progreee  at  the  commencement 

The  total  distance  between  the  two  portals  will  be  21,564  yarils.  i|| 
12.26  miles.  A  gallery  of  direction  has  been  driven  at  both  ends  u""' 
the  actual  tunnels  are  reached,  so  as  to  form  a  directly  straight  i"" 
for  the  accurate  alignment  of  the  work,  from  end  to  end. 

This  great  undertaking  will  consist  of  two  single-line  tunnels  ru" 
ning  parallel  one  to  the  other,  at  a  distance  apart  from  center  to  cenKt 
of  56  feet  0  inches^  and  one  of  tbe  chief  features  m  the  much  lowers'" 
tude  of  the  rails  above  sea  level  than  any  of  the  other  Alpine  tunnels 
This  altitude  is  at  its  highest  point  2,814  feet,  being  1,474  feet  h«f' 
level  than  that  of  the  St.  Gothard,  1,934  feet  lower  than  that  of  tV 
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Mont  Cenie,  and  1,986  feet  lower  than  that  of  the  Arlberg.  This  ia  a 
matter  of  great  importanue  in  the  question  of  haulage  of  all  the  traffic. 
The  tunnel  enters  the  mountain  at  the  present  level  of  the  railway 
at  Brigue,  so  that  no  costly  approaches  are  requisite  on  this  side;  but 
on  the  Iselle  side,  the  connecting  line  with  the  existing  railway  at 
Domo  d'Ossola  necessitates  heavy  work  with  one  helical  tunnel.  The 
gradient  on  the  northern  portion  of  ihe  tunnel  will  only  be  that  suffi- 
cient for  drain^e,  viz,  1  in  500,  but  on  the  southern  portion  the 
gradient  will  be  7  per  1,000,  or  1  in  142. 

Admirable  arrangements  have  been  made  for  the  welfare  of  the 
men,  to  avoid  the  heavy  death  rate  which  occurred  on  the  St.  Gothard, 
and  it  may  be  interesting  to  state  what  some  of  these  are.  For  every 
cubic  foot  of  air  sent  into  the  latter  tunnel,  fifty  times  as  much  will  be 
delivered  into  the  Simplon.  Special  arrangements  are  made  for  cool- 
ing the  air  by  means  of  fine  jets  of  water  and  spray. 

The  men  on  emerging  from  their  work,  wet  through  and  fatigued, 
are  not  allowed  to  go  from  the  warm  headings  into  the  cold  Alpine  air 
outride,  but  pass  into  a  large  building  which  is  suitably  warmed,  and 
where  they  change  their  mining  clothes  and  are  provided  with  hot 
and  cold  douche  baths.  They  put  on  warm  dry  clothes,  and  can 
obtain  excellent  food  at  a  moderate  cost  before  returning  to  their 
homes.  Their  wet  and  dirty  mining  clothes  are  taken  charge  of  by 
appointed  custodians,  who  dry  and  clean  them  ready  for  the  morrow's 
work.  These  and  other  precautions  are  expected  to  reduce  the  death 
rate  to  a  very  great  extent. 

With  a  view  to  the  rapid  advancement  of  the  work,  the  late  M. 
Brandt,  whose  death  is  groatly  to  be  deplored,  devised  after  his  long 
experience  on  the  St.  Gothard  his  now  well-known  drill.  As  details 
of  this  have  been  published,  and  as  they  would  be  too  technical  for 
this  evening's  discourse,  it  will  only  be  necessary  to  refer  to  them 
briefly.  This  drill  is  nonpercussive,  nor  is  it  armed  with  diamond. 
It  is  a  rotary  drill  3  inches  in  diameter  with  a  pressure  on  the  cutting 
points  of  10  tons  moving  at  slow  speed,  but  capable  of  being  acceler- 
ated at  pleasure,  and  of  l>eing  rapidly  withdrawn.  It  is  armed  with  a 
steel  tool  with  3  cutters,  of  which  samples  are  on  the  table.  The  car- 
riage on  which  it  is  mounted  enables  it  to  work  in  any  direction.  The 
face  of  the  tunnel  is  attacked  by  10  to  12  holes  in  the  case  of  the 
hardest  rock,  those  in  the  center  being  3  feet  3  inches  in  depth,  while 
those  round  the  circumference  are  4  feet  7  inches.  The  drills  are 
driven  by  hydraulic  pressure  of  100  atmospheres,  or  1,470  pounds,  to 
the  inch,  and  the  cutter  having  a  three-quarter-inch  hole  along  it« 
center,  all  the  waste  water  is  discharged  right  onto  the  cutting  edges, 
thus  keeping  them  cool  and  washing  out  the  d^bria. 

The  time  taken  for  each  portion  of  the  attack  in  the  hard  Antigorio 
gneiss  is  as  follows:  Bringing  up  and  adjustment  of  drills,  twenty   ■  , 
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minutes;  drilling,  one  and  three-fourths  to  two  and  one-half  houis: 

charging  and  firing,  fifteen  minutes;  clearing  away  debris,  two  honre; 

or  a  total  of  between  four  and  one-half  to  five  and  one-half  hoot!. 

resulting  in  an   advance  of  3  feet  D  inches,  or  a  daily  advance  of 

nearly  19  feet  6  inches. 
The  progress  of  each  of  the  two  faces  during  the  month  of  April  IfcJ 

has  averaged  17  feet  34  inches  per  day,  and  is  a  remarkable  corrolv 

oration  of  the  speed  estimated  by  the  engineers  four  years  ^o.    Tbe 

estimate  was  as  follows: 

Daily  progress  at  each  face:  >m 

Fin<t  year 8.® 

Second  year U- 

Third  year »l^ 

Fourth  year ^-^ 

Fifth  year Jll* 

The  .work .  is  now  in  its  second  year,  so  that  the  estimated  spewl  i' 
being  exceeded.  In  other  words,  the  tunnel  is  being  driven  throufi 
granite  at  a  higher  speed  than  is  attained  in  L<ondon  clay. 

Water  power  is  abundant,  and  the  waters  of  the  Khono  are  ItK- 
nessed  to  the  work,  whilst  thosts  of  the  Diveria  provide  the  power  il 
Iselle. 

Views  are  given  of  the  intake  from  the  Rhone,  the  concrete  aqi* 
duct,  the  metallic  conduit  pipes,  3  feet,  and  3  feet  3  inches  in  diametti. 
which  carry  a  pressure  of  250  pounds  to  the  inch.  The  further  nec» 
sary  increase  in  pressure  is  obtained  by  high-pressure  pump»  in  ^ 
power  house. 

It  was  at  one  time  intended  to  sink  a  iiO-inch  bore  hole  fromtbe 
villf^e  of  lierisal  to  the  tunnel,  u  depth  of  some  2,400  feet,  for  tbf 
purpose  of  delivering  water  at  high  pressure  for  the  works.  '^' 
may  still  be  done,  but  the  meandering  of  the  tool  might  result  in  *'>' 
awkward  dilemma  of  having  to  search  for  it.  in  solid  rock,  belo* 
ground. 

Some  few  years  ago  a  mther  amusing  incident  occured  in  oonne^ 
tion  with  a  tunnel,  which  is  worth  recording.  A  certain  railway  cW' 
pany  were  constructing  a  tunnel  beneath  and  nearly  at  right  angle*'" 
an  existing  tunnel  of  one  of  the  large  English  railway  companiea.  A* 
the  l^al  formalities  were  not  actually  completed,  the  engineers  w^"* 
requested  to  stay  proceedings  until  all  was  in  order,  and  they  inetnict* 
the  contractors  accordingly,  but  the  latter  were  anxious  not  toiDCi" 
any  delay,  and  they  quietly  and  surreptitiously  continued  to  dri'* 
their  heading  through.  The  engineer  of  the  existing  railway  suspw'*'' 
this,  and  sank  a  bore  ^lole  on  the  center  line  of  the  new  work,expM'" 
ing  his  tool  would,  at  the  eorn^ct  level,  drop  into  the  heading,*" 
depth  of  70  feet  The  contractors  looked  for  a  similar  result.""' 
therefore  placed  a  sheet  of  steel  on  the  roof  of  their  drift,  ap  th»tl* 
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tool,  when  it  encountered  the  steel  pliite,  would  riimply  grind  away  on 
the  top. 

But,  to  the  mutual  surprise  of  both  the  engineer  of  the  existing 
company  and  of  the  contractors  for  the  new  work,  no  drill  was 
ent^ount^red,  although  it  had  gone  to  a  lower  depth  than  was  necessary, 
some  90  feet.  The  engineer  thereupon  lowered,  in  a  foolhardy  man- 
ner, an  exploitive  charge,  and  blew  in  the  side  of  the  heading,  the 
tool  having  meandered  several  feet  to  one  side.  Fortunately  no  one 
was  hurt,  but  the  engineer  was  still  in  ignorance  as  to  what  had  hap- 
pened. A  bright  idea  struck  him- -namely,  to  lay  on  the  town  fire 
supply  of  wat«3r  down  the  hole  to  see  if  he  could  fill  it.  The  result 
was,  he  nearly  washed  the  men  away  in  the  heading! 

Electric  tractimi. — It  is  desirable  to  point  out  how  verj'  necessary 
it  may  be,  in  the  case  of  this  and  other  long  tunnels,  that  electric  truc- 
tion  should  be  adopted.  Abundant  power  close  at  hand  already  exists; 
the  air  of  the  tunnel  would  not  be  vitiated — a  matter  of  great  impor- 
tance where  briquette  fuel  is  ased— and  the  lupidity  of  conducting  the 
traffic  would  be  improved. 

In  Baltimore  an  electric  locomotive  is  attached  to  the  through 
expresses,  whi<-h  takes  them  through,  steam  engine  and  all,  at  50  to  60 
miles  an  hour.  No  stoppage  of  the  express  is  required  at  the  farther 
end,  the  electrical  locomotive  running  ahead  into  a  siding;  and  some  of 
the  very  heaviest  freight  trains,  including  the  locomotive  and  tender 
(far  heavier  than  are  ever  seen  in  Great  Britain),  are  hauled  ^;ainst  a 
gradient  of  1  in  138  at  15  miles  an  hour. 

In  fact,  in  England,  we  are  most  lamentably  ba(.'kward  in  the 
employment  of  electricity,  and  unless  the  (-entral  and  the  local  authori- 
ties can  be  aroused  from  their  lethargy,  and  from  their  opposition  to 
all  -"uch  enterprises,  England  will  continue  to  lag  in  the  rear  of  other 
nations,  instead  of,  as  in  pa.st  years,  teaching  them  a  more  perfect 
method. 

In  ciindusion,  may  I  ask  for  the  sym|)athy,  nay  more,  for  a  sileut 
piTiyer  on  behalf  of  our  tunnel  and  railway  heroes,  when  we  are  pass- 
ing along  some  of  the  great  railway  works  of  the  country  or  of  the 
world. 

Need  I  refer  to  that  young  resident  engineer  who,  when  a  length  of 
a  certain  tunnel  during  construction  through  quicksand  fell  in,  burying 
11  men,  volunteered  at  the  risk  of  his  life,  in  consequence  of  the  men 
being  panic-stricken,  to  go  down  the  shaft  and  rebuild  the  damaged 
work  with  his  own  hands  and  alone?  And  to  that  ganger  who,  having 
held  back  for  a  time,  seeing  that  the  engineer  was  determined  to  do 
the  work,  jumped  into  the  bucket  with  some  strong  language  to  the 
effect  "that  he  wouldn't  see  the  master  killed  alone,"  and  went  down, 
and  they  two  completed  the  next  length  before  the  men  would  return 
to  work. 
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There  are  heroea  on  our  railways  as  there  are  in  our  army  and  d&tt, 
and  they  deserve  better  recognitioD.  May  1  plead  on  behalf  of  our 
inspectors  and  superintendents  of  our  great  i^ilway  stations,  who  ire 
in  many  cases  almost  worked  to  death,  and  yet  have  to  be  attentiT« 
and  courteous  to  all;  albeit,  except  in  certain  honorable  exception.', 
they  are  unable  to  make  proper  provision  for  old  agel  And  should  it 
be  necessary  for  a  station  master,  after  six  years^  work  at  a  great  rail- 
way junction,  to  drop  into  his  grave  with  the  simple  epitaph  "tired 
outt" 
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THE  MITTATION  THEORY  OP  PROFESSOR  DE  VRIES. 


By  Chables  A.  White. 


During  the  sixth  and  seventh  decades  of  the  century  just  closed  there 
occurred  so  great  a  change  in  methods  of  scientific  thought  and  prac- 
tice among  biologists  that  it  may  be  properly  designated  as  a  revolution. 
It  waH  caused  mainly  by  the  writings  of  Charles  Darwin,  in  which  he 
promulgated  his  theory  of  the  evolutional  origin  of  species  by  natural 
selection.  Nu  theory  pertaining  to  natural  science  ever  called  forth 
more  bitter  and  uncompromising  controversy  among  both  scientists 
iviid  the  people  at  large,  and  none  was  ever  more  earnestly  advocated. 
Sonic  iiaturalisbj  eagerly  accepted  it  for  all,  and  even  more  than,  the 
author  claimed  for  it;  but  some  of  the  older  and  ablest  of  those  students 
of  nature  were  then  willing  to  accept  it  only  as  a  working  hypothesis. 
Although  it  has  necessarily  always  remained  purely  a  theory,  unsup- 
ported by  any  practical  demonstrations  or  experimental  observations, 
it  explained  so  many  things  pertaining  to  the  genesis  of  organic  forms 
as  natural  phenomena,  and  explained  them  so  much  better  than  had 
ever  )>een  done  before,  that  during  the  last  quarter  of  a  century  the 
Darwinian  theory  ma}'  be  said  to  have  bad  universal  acceptance.  Still, 
there  has  not  been  wanting  from  time  to  time  the  expression  of  more 
or  less  plausible,  and  even  valid,  objections  to  portions  of  that  theory 
on  the  part  of  sincere  and  able  naturalists,  of  which  ail  honest  investi- 
gators have  taken  due  cognizance. 

None  of  the  objections  referred  to,  however,  has  hitherto  seemed  to 
materially  modify  the  prevailing  confidence  in  the  Darwinian  theory, 
which  confidence  has  doubtless  been  increased  by  the  powerful  influence 
which  that  theory  has  exerted  in  the  adoption  of  evolutional  methods  in 
the  study  of  all  branches  of  natural  as  well  as  of  social  science.  Still, 
a  revulsion  of  opinion  concerning  all  mere  theories  is  always  liable  to 
occur,  and  while  no  true  naturalist  will  ever  desire  the  least  diminution 
of  the  fame  of  Darwin,  and  none  will  ever  abandon  the  fundamental 
principles  of  evolution,  it  is  not  improbable  that  the  now  prevailing 
estimation  of  his  theory  of  the  origin  of  species  by  natural  selection 
will  eventually  be  modified  in  some  important  respects.  In  the  course 
of  the  ycLir  1901  there  was  published  in  the  German  langu^e  the  first 
volume,  in  separate  parts,  of  an  exhaustive  work'  which  is  evidently 

•IHe  Mutationstheorie.  Veraucbe  nnd  Beobachtungen  uber  liie  Rntstehnng  von 
Arten  im  Pflanzenreich.    Von  Hugo  de  Vriee.    Ldpsig,  1901. 
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destined  to  make  a  strong  impreBaion  of  that  kind  upon  biologiA- 
because  of  its  eminently  scientific  presentation,  and  because  it  promul- 
gates a  theory  of  the  origin  of  species  by  mutation  that  is  in  materol 
disi^reement  with  the  Darwinian  theory  of  their  origin  by  natural 
selection.  The  work  is  to  consist  of  two  volumes,  the  second  of  whirt 
will  probably  not  be  fully  published  before  the  end  of  1902.  Tbf 
mutation  theory  therein  enunciated,  however,  has  been  foreshadove 
in  previous  lesser  publications  by  the  same  author,  it  is  so  fully  stati^i 
in  the  already  published  parts  of  the  present  work,  and  is  so  remaii- 
able  in  its  character,  that  it  is  thought  proper  to  present  a  brief  aMt 
ment  of  its  leading  features  at  this  time. 

The  subject-matter  of  this  work  is  arranged  under  two  principi] 
beads  foi  the  two  volumes,  respectively,  namely,  "The  Origin  "t 
Species  by  Mutation,"  and  "Elementary  Hybridity."  Necessarilv. 
only  the  tirst  volume  can  now  be  considered,  but  that  contains  Ik 
only  part  which  I  should  care  to  discuss  at  the  present  time,  even  if 
the  other  volume  were  now  published.  In  fact,  I  shall  diacusa  onlv 
that  portion  of  Volume  I  which  contains  the  formal  exposition  of  tbe 
mutation  theory.  The  autbor  presents  his  subject  strongly  and  une- 
quivocally, but  with  evident  candor  and  sincerity  of  purpose  and  aflvr 
long  and  patient  investigation.  As  I  wish  to  give  the  author's  vieH- 
of  his  mutation  theory  as  far  as  possible  in  the  English  equi^'aleot  i>. 
the  language  used  by  him,  the  following  quotations  are  selected  sllcr- 
DBtely  and  translated  from  the  author's  preface,  introduction,  and  teiL 
respectively: 

"The  doctrine  of  the  origin  of  species  has  hitherto  been  a  conven- 
tional science,  it  is  generally  believed  that  this  important  occurrencr 
isi  withdrawn  from  actual  observation,  or  at  least  from  cxperimertJ 
treatment.  This  conviction  is  founded  upon  the  prevailing  conceptio" 
concerning  specitic  characters  and  upon  the  opinion  that  species  of 
plants  ana  animals  are  alwavs  produced  from  one  another  by  extremely 
slow  degrees.  It  is  thougnt  that  these  metamorphoses  are  so  slo" 
that  a  human  life  is  not  long  enough  to  witness  the  production  of  * 
new  form.  The  purpose  of  the  present  work  is  to  show  the  opposit* 
view — that  species  originate  by  sudden  starts,  and  that  each  one  o' 
these  saltatory  occurrences  is,  as  good  observations  show,  a  truf 
physiological  process;  that  all  such  suddenly  produced  forms  are  sepa- 
rated from  one  another  by  at  least  as  sharp  and  numerous  characle>^ 
as  are  most  of  the  so-called  minor  species,  and  as  are  many  of  thf 
nearly  related  forms  of  the  best  systetnatists.  It  is  thus  made  p'^';' 
sible  to  htarn  by  means  of  actual  observation,  cultivation,  and  e^*^' 
ment  the  laws  which  govern  the  production  of  new  species.  Tbet* 
laws  are  evidently  as  applicable  to  animals  as  to  plants.  As  a  bolan- 
ist,  I  have  confined  myself  to  the  latterj  but  in  the  confident  hope  tW 
my  results  will  later  be  also  employed  in  the  study  of  animals. 

"The  whole  subject  of  variability  falls  under  two  heads — variflbili^ 
in  the  narrow  sense  and  mutation.  The  first  is  variously  desigiutw 
as  common,  individual,  and  fluctuating,  or  gradual  variabili?- 
Mutation  forms  a  special  division  of  the  methods  of  variation.     It  doe* 
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not  occur  flowingly,  but  in  utepe,  without  transition,  and  it  occurs  \esn 
frequently  than  do  the  common  variationH,  which  are  continuously  and 
coneitantly  at  hand.  The  contrast  between  the  two  kinds  at  once 
appears  if  one  considers  the  proposition  that  the  attributes  of  organ- 
isms are  built  up  of  fixed  and  sharply  defined  units.  These  units  com- 
bine in  groups,  and  in  the  kindred  of  species  the  same  units  and 
groupa  are  reproduced.  The  origination  of  a  new  unit  signifies  a 
umtation.  Every  addition  of  a  unit  to  a  group  confititutes  a  step, 
originates  a  new  group,  and  separates  the  new  form  sharply  and  fully 
as  an  individual  species  from  the  one  out  of  which  it  has  been  pro- 
duced. The  new  species  is  at  once  sucli,  and  originates  from  the 
former  spec-ies  without  apparent  preparation  and  without  gradation. 
Each  attribute,  of  course,  arises  from  one  previously  present,  not  by 
their  normal  variation,  but  by  one  small  yet  sudden  change.  Pro- 
visionally, one  may  compare  these  changes,  but  only  in  the  simplest 
manner,  with  chemical  substitution. 

"In  the  first  section  of  this  book  the  mutation  theory  is  contrast^ 
with  the  selection  theory.  The  latter  assumes  the  common  variability 
to  be  the  starting  point  of  the  origin  of  a  new  species,  but  according 
to  the  mutation  theory  the  two  processes  are  quite  independent  of  each 
other.  Common  variability,  as  1  hope  to  show,  does  not  lead,  by  even 
the  sbaqieat  persistent  selection,  to  any  real  transgression  of  the  limits 
of  species,  much  less  to  the  origin  of  new  and  constant  attributes,*' 

It  is  in  the  first  section  of  Volume  I  that  the  author  discusses  at 
length  selet^ttion  and  mutation,  mutability  and  variability,  all  the  vari- 
ous theories  of  evolution  that  have  been  pi-oposetl,  the  effects  of  cli- 
mate and  of  horticultural  breeding,  the  limitations  and  characteristics 
of  species  and  varieties,  and  other  peitinent  .subjects.  He  concludes 
that  section  of  the  volume  with  the  following  sunutiary  concerning  the 
nature  of  his  theory: 

"  (1)  The  doctrine  of  morphological  and  historical  deiw^nt  deals  with 
the  origin  of  the  Linnean,  or  collective  species,  the  genera,  families, 
and  higher  groups.  The  doctrine  of  experimental  desc*'nt  deals  with 
the  origin  of  elementary  species,  or,  more  strictly  speaking,  with  the 
origin  of  s|>ecitic  characters. 

"(2)  'The  true  danger  reef  of  the  Darwinian  theory  is  the  transition 
from  artificial  breeding  selection  to  natural  selection.'  (Paul  Janet.) 
This  reef  (unonly  t>e  avoided  when  one  recognizes  the  iniprovementof 
laces  and  the  origination  of  new  forms  as  two  entirely  different  occur- 
rences, only  apparently  passing  into  each  other,  tor  Darwin,  thoy 
stand  side  by  side,  the  one  in  no  way  excluding  the  other,  although,  as 
a  lule,  be  ho-i  not  sharply  differentiated  them. 

•'  (3)  '  No  two  individuals  of  any  planting  ai-e  entirely  alike.'  This 
well-known  proposition  is  to  be  confined  to  the  province  of  real  fiuctu- 
ating  variability.  It  stands  In  no  relation  to  the  doctrine  of  de.«cent, 
if  one  accepts  the  mutation  theory. 

"(4)  'Species  have  originated  \'y  natural  selection  in  the  struggle 
for  existence.'  But  this  statement  needs  explanation.  The  struggle 
for  existence — that  is.competitionforcxistence— embraces  two  entirely 
different  points.  Whenever  the  contest  oi-curs  between  individuals  of 
one  and  the  same  elementary  species,  it  also  occurs  between  the  differ- 
ent si>ecies  as  such.     The'  first-mentioned   contest  peilains   to  the 
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doctrine  of  variability,  the  second  to  that  of  mutation.     In  the  iirnt- 
mentloned  ca^e  those  individuals  survive  which  find  tlieir  life  condi- 


tions most  favorable,  And  thev  are  therefore  generally  the  dhmI 
vigorous.  By  this  |>roce88  local  races  originate,  and  by  it  acclinuti- 
zation  is  made  possible.     If  the  new  life  conditions  ceasp,  then  tlie 


adapted  i-aces  revert  to  the  original  type. 

"Natural  selection  in  the  struggle  for  existence  between  the  uefflv 
originated  elementary  species  is  quite  different.  These  originate  sud- 
denly, unmediated,  and  multiply  themselves  if  nothing  stands  in  Ihv 
way,  betause  they  are  for  the  mont  part  completely,  or  in  a  high 
degree,  heritable.  If,  then,  the  increase  leads  to  a  struggle  for  exist- 
ence, the  weaker  succumb  and  are  rooted  out.  According  as  theolder 
or  the  younger  form  happens  to  be  the  better  suited  for  the  lifecoiu^- 
tions  will  one  or  the  other  survive.  By  this  struggle  for  existenre 
species  are  no  more  likely  to  originate  than  they  are  by  the  struggl' 
between  the  variants  of  one  ana  the  same  type,  but  evidently  from 
quite  a  different  cause.  To  be  able  to  come  into  competition  with 
one  another,  species  must  exist.  The  contest  decides  woich  of  tbfiii 
shall  survive  and  which  shall  perish.  These  'species  selections.' in 
the  course  of  their  evolution,  have,  withoutdoubt,  rooted  out  immen;*' 
numbers  and  retained  only  a  small  proportion.  Briefly  stated.  1 
assert,"  of  course  on  the  ground  of  the  mutation  theory,  that  by  the 
struggle  for  existence  and  by  natural  selection  species  do  not  origi- 
nate, out  perish. 

"  (5)  Herbert  Spencer's  well-known  expression,  '  the  survival  of  tlw 
fittest,'  is  of  course  divisible  into  two  propositions:  The  survival  of 
the  fittest  individuals  within  the  constant  species,  or  the  formation  of 
local  races,  and  the  survival  of  the  fittest  species  ns  the  foundation 
of  the  doctrine  of  descent.  Tlie  two  propositions  are  indeptmdent  o( 
each  other  and  belong  to  different  categories. 

"  («)  According  to  the  mutation  theory,  species  have  not  originated 
by  gradual  selection,  continued  through  hundreds  or  thousand))  of 
yeai-s,  but  by  sudden  steps,  even  if  the  changes  are  very  small.  Uolilie 
the  variations,  which  are  progressive  changes  in  a  direct  line,  thosf 
metamorphoses  which  are  designated  as  mutation  branch  off  in  new 
directions.  Furthermore,  so  tar  as  experience  goes,  they  occur  st 
random — that  is,  in  the  most  diverse  directions.  They  appear  onlv 
from  time  to  time,  and  then  probably  under  the  operation  of  detenm- 
nato  causes." 

It  should  \w  borne  in  mind  that  throughout  this  work  the  author 
always  restricts  the  term  "  mutation  "  to  the  designation  of  sudden  phj- 
logenetic  changes,  which  he  distinguishes  sharply  from  all  forms  of 
mere  variation,  however  pronounced  they  may  be,  and  also  that  in  ibf 
following  remarks  I  also  use  that  t&rtn  in  the  same  restricted  sensf. 
The  horticultural  forms  of  variation  are  especially  discussed  in  the 
closing  section  of  Volume  I. 

The  second  section  of  Volume  I  is  entitled  "The  origination  of 
elementary  species  in  the  genus  CEnothera,"  and  constitutes  its  largi'i' 
part.  It  consists  of  an  elaborate  statement,  with  numerous  illuiitni- 
tions,  of  the  author's  experimental  studies  of  the  subject  of  mutation 
which  he  instituted  in  a  systematic  manner  in  1S86,  and  which  he  ba 
r.,i    ,1  '  C.OOi^lc 
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pursued  uniaterruptedly  ever  since.  It  appears  that  his  tirst  and 
^idin^  proposition  in  connection  with  his  experimental  work  was 
that,  in  the  different  periods  of  their  chronological  life  history,  all 
plants  vary  greatly  in  the  ratio  of  their  mutability:  that  i^,  all  species 
and  genera,  while  they  are  always  subject  to  the  full  range  of  fluctuat- 
ing variability,  exist  at  times  in  a  mutable  and  at  times  in  an  immuta- 
hle  condition,  the  latter  condition  being  much  the  more  prevalent. 
Indeed,  so  prevalent  is  the  immutable  condition  among  plants  that  only 
a  sniall  proportion  of  the  species  embraced  in  the  flora  of  any  given 
region  may  be  found  existing  in  their  mutable  period.  Furthermore, 
it  was  to  I>e  expected  that  some  plants,  even  when  in  the  fullness  of 
their  mutable  period,  would  exhibit  their  mutability  more  readily  than 
others.  The  germ  of  this  theorj'  is  contained  in  the  author^s  little 
book  on  intracellular  pangenesis,"  written  just  before  he  b^an  his 
experiments,  wherein  he  gives  the  reasons  which  led  him  to  believe 
in  mutability.  His  experimental  studies  here  referred  to  were  under- 
taken for  the  purpose  t>f  discovering  mutating  plants  and  of  demon- 
strating his  theory  upon  them. 

Fi-ofe.ssor  de  Vriea's  first  effort  was  therefore  toward  the  selection 
of  suitable  planLn  for  his  experimental  studies  from  the  flora,  both 
native  and  introduced,  which  he  found  growing  in  the  northern  part 
of  Holland.  For  that  purpose  he  placed  under  special  cultivation  in 
experimental  gardens  at  Amsterdam  more  than  one  hundred  species  of 
plants,  and  prosecuted  his  preliminary  experiments  upon  them.  This 
special  cultivation  was  not  for  the  purpose  of  producing  horticultural 
variation  in  those  planbi,  but  for  the  purpose  of  protecting  and  aiding 
such  of  them  as  should  prove  to  be  in  their  mutative  period. 

At  the  same  time  he  also  made  numerous  observations  upon  many 
other  plants  in  their  natural  habitat,  with  the  same  ohjoct  in  view. 
The  result  of  these  preliminary  experiments  was  that  the  so-called 
Kveiiiny  Primrosi-M  were  found  to  respond  more  readily  to  mutative 
influences  than  would  any  of  the  other  species  that  came  undei'  his 
observation.  These  are  American  species  of  plants,  of  the  genus 
<Eh')thera,  that  had  been  introduced  into  Holland,  where  they  thrived 
like  native  plants,  both  under  cultivation  and  in  a  wild  state.  About 
the  year  1W75  one  of  them,  O.  Lamarcklana,  l>egan  a  most  vigorous 
multiplication  and  dispersion,  especially  from  a  center  near  the  town 
of  Hilversum.  This  unusual  exhibition  of  genei-ative  aud  dispersive 
force  was  apparently  correlated  with  the  mutative  impulse,  for  there 
soon  appeared  among  those  plants  two  distinct  species  of  (Enotkera 
that  were  before  unknown,  although  the  flora  of  that  and  other  regions 
had  long  pas.sed  under  the  severe  scrutiny  of  Professor  de  Vries  and 
other  able  botanists.  The  inference  seemed  to  be  legitimate  that  those 
plants  were  then  in  the  full  vigor  of  their  mutative  period,  and  that  the 
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two  apeclcs  referred  to  originated  from  them  then  and  there  by  spon- 
taneous mutation.  The  latter  inference  accords  with  the  author'i 
proposition,  that  in  their  wild  condition  mutating  plants  produt^nunj 
new  species;  that  most  of  these  peiifth  in  the  struggle  for  existeni-e,  and 
that  artificial  cultivation  protects  all  the  new  fonns  from  destruction, 
but  is  not  of  itself  the  cause  of  the  origination  of  any. 

It  seems  to  have  been  this  exhibition  of  mutative  vigor  in  the  Etm 
ing  Primroses  that  led  its  distinguished  obsen'er  to  adopt  thotte  plioL- 
as  the  chief  subjects  of  bis  experimental  studies,  and  it  is  ftvtlii- 
reason  that  so  large  a  part  of  his  hook  is  devoted  to  the  exhaustive 
exploitation  of  plants  belonging  to  the  genus  (EnothiTa.  The  rwuhf 
plainly  show  the  wisdom  of  that  choice,  for  hy  careful  protection  and  tin' 
aid  of  artificial  pollination  he  succeeded  in  obtaining  from  them  «  con- 
siderable number  of  new  species,  which  ai*e  as  well  defined  in  ail  their 
attributes  as  are  any  of  the  other  specie-s  of  that  genus.  Moreover,  be 
continued  from  year  to  year  his  experiments  with  the  new  species  tlni.' 
produced,  as  well  as  with  the  original  forms,  and  he  ft.-«erts  witboul 
hesitation  that  in  all  their  attributes  the  new  forms  are  not  onlj 
sharply  defined  but  that  those  attributes  are  entirely  constant  from 
and  after  the  moment  of  their  origin;  and,  furthermore,  that  all  tho# 
attributes  are  as  heritable  as  are  those  of  any  of  the  other  spwiw- 
He  practiced  both  inter  and  intra  specific  artificial  pollination.  huL 
although  he  obtained  the  repi'oduction  of  some  of  the  new  forms  umler 
the  former  method,  the  origination  of  .spet^ies  de  novo  under  his  experi- 
ments seems  to  have  be-en  wholly  by  aid  of  the  latter  method;  that  is. 
his  experiments  seem  to  prove  that  ci-oss  fertili;«tion  is  not  only  nol 
necessary  to  mutation,  but  that  mutation  is  not  materially  acceleraltd 
by  it.  It  is  well  known  that  some  authors  claim  that  thousands  of 
species  of  living  plants  have  originated  by  hybridization.  TTi^ 
second  volume  will  treat  fully  of  that  subject  and  of  its  r(4ation  t<)tnif 
mutation. 

The  author  .support*  all  his  statements  with  the  most  minute  account 
of  his  experiments,  the  results  of  which  he  also  discusses  fully.  Tbesf 
facts  and  discussions  arc  of  such  a  character  that  it  seems  difficult  to 
.see  how  one  can  avoid  accepting  his  conclusions  without  denying  hi* 
facts.  Indeed,  it  may  be  frankly  stated  that  should  one  accept  bis 
conclusions  the  author  will  be  thereby  recognized  as  not  only  the  pro- 
pounder  of  a  new  and  important  biological  theory,  but  the  discoverpr 
of  new  and  vital  facts  and  principles  relating  to  the  origination  ww 
perpetuation  of  organic  forms.  Furthermore,  by  accepting  that  theory 
and  admitting  the  facts  upon  which  it  is  ba.sed,  one  must  necessarily 
regard  the  question  of  the  origin  of  species  as  thereby  removed  from 
the  purely  theoretical  to  the  concrete;  that  is.  from  an  undemonstniblf 
hypothesis  to  a  series  of  concrete  propositions  and  practical  demon' 
stratioQS.     These  are  strong  statements,  but  they  indicate  what  ooe 
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must  be  prepared  to  admit  who  accepts  the  proposed  mutation  theory, 
I  may  add  that  for  reasons  which  I  will  state  further  on  I  am  much 
inclined  to  view  this  theory  with  favor,  hut  the  affirmative  manner  in 
which  I  present  this  sketch  of  it  may  be  re^rded  as  indicating  my 
purpose  to  diHcuss  the  subject  from  the  author's  standpoint. 

This  theory  does  not  require  that  one  should  go  back  to  the  view 
held  by  devout  naturalists  before  Darwin's  time,  that  species  are  cate- 
gories of  creative  thought  in  the  Divine  mind,  but  it  does  require  that 
one  shall  regard  species  as  having  a  more  real  entity  than  be  has  been 
accustomed  to  conceive  of  in  connection  with  the  theory  of  natural 
selection.  Professor  de  Vries  expressly  claims  that  mutation,  although 
suddenly  accomplished,  is  strictly  a  physiological  process,  coincident 
in  its  incipient  manifestation  with  the  function  of  reproduction.  It  is 
therefore  plain  that  his  theory  does  not  in  any  way  oppose  the  funda- 
mental fact  of  evolution,  but  offers  a  new  theoretical  explanation  of 
the  method  of  its  accomplishment. 

Considering  the  completeness  and  success  of  the  experimental  studies 
made  by  Professor  de  Vries  with  (Enotheni^  one  naturally  infers  that 
other  plants  also  now  exist  in  the  fullness  of  their  mutative  period, 
and  that  these  would  yield  similar  results  under  similar  treatment 
Perhaps,  also,  certain  species  which  are  immutable  in  some  regions 
will  be  found  to  be  mutable  in  others.  Indeed,  results  that  evidently 
belong  in  the  same  category  with  those  obtained  by  Professor  de  Vries 
have,  from  time  to  time,  been  obtained  by  naturalists  and  horticultur- 
ists from  various  plants,  but  those  cases  have  not  hitherto  received  the 
interpretation  that  will  be  given  to  them  by  the  mutation  theory, 
although  they  were  known  to  be  incompatible  with  the  theory  of  nat- 
ural selection.  I  have  lat«ly  recorded  a  case  of  this  kind,"  and  several 
others  have  more  or  less  fully  engaged  my  personal  attention. 

Professor  de  Vriei  is  confident  that  his  theory  is  as  applicable  to 
animals  as  to  plants,  and  that  conclu.'<ion  is  plainly  a  logical  one;  but 
he  makes  no  suggestion  as  to  methods  of  experimental  studies  of  that 
kind,  and  I  can  make  none.  1  have,  however,  in  my  paleontological 
studies,  been  often  confronted  with  facts  with  relation  to  both  animal 
and  vegetable  fossil  forms  that  seem  to  lx^  quite  inconsistent  with  the 
theory  of  their  origin  by  the  slow  process  of  natural  selection.  Dem- 
O.istrations  of  the  truth  of  the  mutation  theory  must,  of  courae,  always 
be  made  with  living  organisms,  but  as  much  of  its  support  must  doubt- 
less come  from  apriori  reasoning,  especially  with  reference  to  extinct 
organic  forms,  1  will  close  by  mentioning  a  few  of  the  many  paleonto- 
logical facts  referred  to.  These  seem  to  relate  with  peculiar  force  to 
the  primary  proposition  of  the  mutation  theory,  that  all  species  have 
originated  from  one  another  suddenly,  and  not  by  slow  degrees;  and, 
also,  to  two  of  its  secondary  propositions.     The  first  of  these  two  is, 


•See  "Science,"  Vol.  XVI,  n.  s.,  Nov.  29.  1901,  pp.  M1-M4. 
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that  the  mutation  theory  is  as  applicable  to  aaimals  as  to  plants,  and 
thesecood,  that  the  ratio  of  the  mutability  of  species  and,  by-  impli(»- 
tion,  also,  of  the  higher  groups,  varies  in  the  course  of  their    chrono 
logical  life  history.     It  is  necessary  to  mention  here  that  accord  ing-  to 
the  mutation  theory  each  newly  originated  special,  while  posseasing 
distinctly  separate  attributes,  h  never  very  widely  different  from  the 
parent  form.     Wide  differences  result  from  the.  extinction  of   inter- 
vening species  and  repeated  mutations;   and  because  newly  mutated 
species  may  themselves  be  immediately  mutative,  wide  differences  naay 
occur  in  a  comparatively  short  time.     This  view  of  the  subject  has  an 
important  bearing  upmn  the  following  remarks. 

The  earliest  known   fossil    faunas,   those  of    the  Cambrian    a^, 
embrace  remains  repi'esenting  five  of  the  six  animal    subkingdonis, 
namel}',  the  Protozoa,  Ccelenterata,  Annuloida,  Annulosa,  and  Afol- 
hisca.     Furthermore,  these  fossil  remain.s  indicate  a  high  degi-ee  of 
faunal  development,  and  proportionately  wide  differentiation  in  each 
of   those   subkingdoms.      That  is,  fossil   remains  of  well-developed 
faunas  pertaining  to  all  tbcanimalsubkingdoms,  except  the  Vertehrata, 
are  found  in  the  earliest  known  fossitiferous  strata  of  the  earth;  and 
the  occurrence  of  remains  pertaining  to  those  five  subkingdoms  in  all 
subsequent  sul)divisions  of    the  geological    scale  shows  that   their 
genetic  lines  have  come  down  without  a  break  to  the  present  day. 
We  know  absolutely  nothing  of  any  earlier  life  than'  that  represented 
by  those  Cambrian  forms;  and  we  must  assume  their  sudden,  or  at  least 
rapid,  origination,  or,  by  applying  the  theory  of  natural  selection, 
construct  an  evolutional  parallax  that,  by  its  inconsiderable  angle,  will 
carry  back  the  origin  of  life  upon  the  earth  to  a  chronolc^ical  point 
inconceivably  remote.     It  therefore  seems  unreasonable  to  apply  the 
theory  of  natural  selection  to  this  ease. 

The  wonderful  flora  of  the  Carboniferous  ^e  stands  out  prominent 
and  unique  from  all  the  other  known  fftJras  of  the  earth,  and  yet  we 
know  little  or  nothing  of  its  ancestry  or  of  its  genetic  succession.  Its 
introduction  and  extinction  were  apparently  too  sudden  and  complete 
to  be  satisfactorily  explained  hy  the  theory  of  natural  selection. 

The  earliest  known  remains  of  the  great  subt-lass  of  dinosaurian 
reptiles  are  found  in  the  earlier  Mesozoic  strata,  and  the  latest  known 
representatives  of  that  subclass  barely  survived  the  close  of  Mesozoic 
time.  Those  earliest  dinosaurs  existed  in  multitudes,  and  suddenly 
became  the  ruling  animals  of  the  earth,  A  large  proportion  of  them 
were  of  titanic  size,  and  the  grade  of  their  organization  was  of  the  high- 
est of  their  class.  They  were  differentiated  into  flesh  eaters  and  plant 
eaters  and  into  denizens  of  land  and  water  respectively.  We  know 
absolutely  nothing  of  their  genetic  origin;  but  their  introduction  upon 
^e  earth  was  evidently  so  sudden  and  their  differentiation  so  great  , 

and  various  that  the  theory  of  natural  selection  is  plainly  insufficient 
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to  explain  it.  Furthermore,  one  can  by  no  means  feel  confident  that 
the  utter  extinction  of  that  great  subclass  was  due  to  what  has  come 
to  be  designated  as  the  struggle  for  existence,  because  before  that 
occurrence  it  had  long  ruled  the  animal  life  of  the  earth  and  was 
apparently  able  to  maintain  its  supremacy  both  upon  land  and  water. 

In  the  earlier  Mp.sozoic  strata  remains  of  fresh-water  molluscan 
faunas  are  found  that  contain  distinctly  modem  types.  Among  them 
are  species  of  the  true  genua  Unio,  which  is  one  of  the  most  widely 
dispersed  and  characteristic  fresh-water  genem  now  living,  and  remains 
of  species  belonging  to  it  are  found  in  other  fresh-water  deposits  of 
both  Me.sozoic  and  Tertiary  age.  That  genus  has  therefore  existed  con- 
tinuously and  unchanged  during  all  that  stretch  of  geological  time  in 
which  all  the  mammals,  all  the  birdij,  all  the  teleost  fishes,  and  all  the 
exogenous  plants  of  the  earth  were  introduced  and  in  which  the  dino- 
saurs culminated  and  became  extinct.  Those  earliest  known  speci- 
mcns  of  the  genus  JJnio  are  fully  characteristic,  but  we  know  nothing 
whatever  of  their  origination  or  of  any  earlier  related  forms.  It  seems 
impossible  to  assume  that  this  genus  was  not  suddenly  produced,  and 
it  NTcms  equally  evident  that  upon  its  introduction  it  jtasscd  at  once 
into  its  immutable  state,  which  has  continued  until  now,  at  least  in  a 
main  line. 

The  case  seems  to  have  been  very  different  with  other  forms  of  ani- 
mal life  that  are  now  extinct,  especially  with  the  placental  mammals. 
These  apparently  had  no  existence  before  the  beginnifig  of  Tertiary 
time,  but  they  then  suddeni}'  appeared  and  assumed  faunal  dominion 
of  the  earth  in  forms  nearly  or  qnite  as  highly  organized  and  diverse  as 
arc  those  which  now  exist;  but  every  one  of  those  earlier  mammalian 
forms,  with  many  others  of  later  origin,  are  now  extinct.  The  muta- 
ti^'e  period  of  each  of  those  forms  was  probably  coeval  with  at  least  the 
greater  part  of  its  faunal  existence,  and  it  seems  necessary  to  assume 
that  the  origination  of  all  of  them  was  of  a  rapid,  if  not  saltatory  char- 
acter. The  case  of  these  mammals,  on  the  one  hand,  and  that  of  the 
frewli-water  mollusca  that  have  been  mentioned,  on  the  other,  may  be 
taken  as  extreme  examples  of  the  difference  in  the  chronological  ratio 
of  phylt^netic  mutation  among  organic  forms  that  existed  in  geolog 
ical  time. 

Not  only  the  placental  mammals,  but  the  birds  of  modern  types,  the 
teleost  Ushes,  and  the  exogenous  plants,  were  also  introduced  with  an 
apparent  suddenness  that  is  inconsistent  with  the  theory  of  natural 
selection.  It  is  true  that  the  foreshortened  view  which  we  necessarily 
get  by  looking  back  into  geological  time  may  make  the  periods  in 
which  those  evolutional  changes  took  place  appear  shorter  than  they 
really  were,  but  a  different  view  would  not  change  the  proportional 
elements  of  the  problem. 

One  of  the  strongest  arguments  that  have  been  used  in  support  of 
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the  ausumed  extreme  antiquity  of  the  habitable  condition  of  the  earth 
hais  been  drawn  from  tlie  theory  of  the  origination  of  organi*:  forms 
by  the  slow  process  of  natural  selection.  Indeed  such  extreme  antiq  - 
uity  haw  been  assumed  expressly  to  meet  the  demands  of  that  theory. 
A  general  acceptanec  of  the  mutation  theory  will  remove  that  question 
from  such  discussionii,  and  geological  science  would  probably  not  suffer 
by  the  loss. 

The  great  master,  Darwin,  in  "one  of  bis  aphorismic  utterances,  says 
that  in  "scientific  investigations  it  is  permitted  to  invent  any  hypoth- 
esis, and  if  it  explains  various  Int^e  and  independent  classes  of  f&ctu 
it  rises  to  the  rank  of  a  well-grounded  theory."  One  can  not  doubt 
that  if  be  were  now  living  he  would  bo  among  the  first  to  give  the 
mutation  theory  respectful  consideration. 

Whatever  the  final  verdict  of  biologists  may  be  concerning  the  theory 
that  Professor  de  Vries  has  so  elaborately  proposed,  the  subject  is  so 
important  and  the  presentation  is  so  carefully  made  that  no  student  of 
any  branch  of  biology  can  afford  to  ignore  it. 
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"ShapcH  of  all  sortK  and  fiixn;  grcaXand  Hnall." 

A  fi!w  million  yeaii*  ago,  geologists  and  phyHicistH  do  not  agree 
upon  the  exaf.-t  number,  although  both  agree  upon  the  millions,  when 
the  Rocky  Mountains  were  not  yet  born  and  the  now  bare  and  arid 
Western  plains  a  land  of  lakes,  rivers,  and  luxuriant  vegetation,  the 
region  was  inhabited  by  a,  nu-e  of  sti-angc  and  mighty  reptiles  upon 
whom  siuence  has  bestowed  the  appi'opriate  name  of  Dinonaurs,  or 
terrible  lizards. 

Our  acquaintance  with  the  Dinosaurs  is  tomparatively  recent,  dating 
from  the  early  jmrt  of  the  nineteenth  century,  and  in  America,  at 
leaat.  the  date  may  Iw  set  at  1818,  when  the  first  Dinosaur  remaine 
were  found  in  the  valley  of  the  Oonnetticut,  although  they  naturally 
were  not  recognized  as  such,  nor  had  the  tenn  been  devised.  The 
tirst  Dinosaur  to  be  formally  recognized  as  reprej^enting  quite  a  new 
order  of  reptiles  was  the  carnivorous  Megalosaur,  found  near  Oxford, 
England,  in  1824. 

For  a  long  time  our  knowletlge  of  Dinosaurs  wa«  very  imperfect 
and  literally  fragmentary,  depending  mostly  upon  scattered  teeth, 
isolated  veitebra',  or  fragments  of  bone  picke<l  up  on  the  surface  or 
caijually  encountenHi  in  some  mine  or  quarry.  Now,  however,  thanks 
niainl}'  to  the  lal^ors  of  Americjin  palieontologists,  thanks  also  to  the 
rich  deposits  of  fossils  in  our  Western  States,  we  have  an  extensive 
knowleilge  of  the  Dinosaurs,  of  their  size,  {itructure,  habits,  and  gen- 
eral appearance. 

There  are  to-day  no  animals  living  that  are  clo-sely  related  to  them: 
none  have  lived  for  a  long  period  of  time,  for  the  Dinosaurs  came  to 
an  end  in  the  Cretjiceoas.  and  it  can  only  be  said  that  the  crocodiles. 
on  the  one  hand,  and  the  ostriches,  on  the  other,  are  the  nearest  exist- 
ing relatives  of  thoav  great  reptiles. 

For.  though  so  different  in  outward  appearant^u,  birds  and  reptiles 
arc  structurally  quite  clo.soly  allied,  and  the  creeping  snake  and  the 

"  ISfiirintetl,  with  the  ai'iiiiii[wnyiiiK  illiW  rat  kins,  liy  iHTtnirsion  of  McC'lure,  Phil- 
ll|wA(;o.,  from  .Vnim:ilM..f  tli«  Past. 
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bitxl  on  wbJcb  it  preyd  are  relatives,  although  any  intimate  relation- 
ship l>etwi>en  tbem  h  of  the  »erp<>nf  s  making,  and  h  !<tronglr  objected 
to  bj-  the  bird. 

But  if  we  compare  the  skeleton  of  a  Dinoaaur  with  that  of  an 
ostrich — a  young  one  iw  preferable — and  with  those  of  the  earlier  bii-dt«. 
we  shall  find  that  many  of  the  liarriers  now  existing  between  reptil*?.-; 
and  ])ird!^  are  broken  down,  and  that  they  have  many  points  in  t-4>ni- 
rnon.  In  fact,  save  in  the  matter  of  clothes,  wherein  birdisdiffei-  fi-oiii 
all  otln'i'  aniiiiiils,  tlie  two  grtiat  gi-oups  are  not  so  very  far  apart. 

The  DinoHHUrs  were  by  no  means  confined  to  North  America, 
although  the  western  United  States  seem  to  have  been  their  head- 
quart»!rs.  l»ut  ranged  pretty  much  over  the  world,  for  their  remains 
have  Ix'cn  found  in  eveiy  continent,  even  in  far-off  New  Zealand. 

In  jwint  of  time  they  ranged  from  the  Tiia-s  to  the  Upper  Oretaee- 
ous,  their  golden  age,  markmg  the  culminating  point  of  reptilian  life, 
being  in  the  Jurassic,  when  huge  forms  stalked  by  the  .scaehore, 
bi-owsed  amid  the  swamps,  or  disported  themselves  along  the  reedy- 
margins  of  lakes  and  rivers. 

They  had  theii'  day,  a  day  ()f  uiany  thousand  yeai's,  and  then  pa-ssul 
away,  giving  place  t«  the  superior  rac'e  of  mammals  which  was  just 
springing  into  being  when  the  huge  Dinosaurs  were  in  the  heyday  of 
their  existence. 

And  it  does  seem  as  if  in  the  dim  and  distant  past,  as  in  the  present, 
brains  were  a  jwtent  factor  in  the  struggle  for  supremacy;  for,  though 
these  reptiles  were  gianti*  in  size,  dominating  the  earth  through  mere 
brute  force,  they  were  dwarfs  in  in(ellect. 

The  smallest  human  brain  that  is  thought  to  Ik'  '-ompatiblc  with  life 
itself  weighs  a  little  over  10  ounces,  the  smallest  that  can  exist  with 
reiLsoning  |«>wers  is  2  pounds;  this  in  a  creatuiv  weighing  from  lit) 
to  150  pounds. 

What  do  we  find  among  Dinosaurs;  Th»^spesius,  or  t'laosaunis. 
which  may  have  walked  where  Italtimorc  now  stands,  was  25  fed  in 
length  and  stood  a  dozen  feet  high  in  his  liare  feet,  had  a  brain  smaller 
than  ii  man's  clenched  tist.  weighing  less  than  1  pound. 

Brontosaurus.  in  some  respects  the  biggest  brute  that  ever  walked, 
was  but  little  Iwttcr  off.  and  Triceratops  and  his  relatives,  creatures 
having  twice  the  bulk  of  an  elephant,  weighing  probably  over  li)  tons. 
possessi'd  a  bmin  weighing  not  over  2  jwunds. 

How  unicli  of  whiit  we  term  intelligence  could  such  a  creature 
[tossess-whtit  was  the  extent  of  its  reasoning  ]wwers;  Judging  ffoiii 
our  own  stHndp«)int  and  the  sniatt  aiuonnt  of  intellect  nppaivnt  in  some 
humans  witli  nuich  larger  liniiiis.  tlies*!  big  reptiles  must  have  known 
just  rtlxiut  enough  to  have  cat«n  when  they  were  hungry;  anything 
more  was  sujierfluous, 

Howcvci'.  intelligence  is  one  thing,  life  another,  and  the  spinal  cord 
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with  its  supply  of  nerve  substance  doitbtlesw  looked  after  the  mere 
mechanieal  functions  of  life;  and  while  even  the  spinal  cord  is  in 
many  oases  quite  email,  in  some  places,  particularly  in  the  sacral 
region,  it  is  subject  to  considerable  enlargement.  This  is  notably  true 
of  Stegosaurus,  where  the  sacral  enlargement  is  twenty  times  the  bulk 
of  the  puny  brain — a  fact  noted  by  Professor  Marsh,  and  seized  upon 
by  the  newspapers,  which  announced  that  he  had  discovered  a  Dinosaur 
with  a  brain  in  its  pelvis. 

In  their  great  variety  of  size  and  shape  the  Dinosaurs  form  an  inter- 
esting parallel  with  the  Marsupials  of  Australia.  For  juBt  as  these 
are,  as  it  were,  an  epitome  of  the  class  of  mammals,  mimicking  the 
herbivores,  carnivores,  rodents,  and  even  monkeys,  so  there  are  car- 
nivorous and  herbivorous  Dinosaurs— Dinosaurs  that  dwelt  on  land 
and  others  that  habitually  resided  in  the  water,  those  that  walked 
upright  and  those  that  crawled  about  on  nil  fours:  and,  while  there 
are  no  hintw  that  any  ixjssessed  the  power  of  Hight.  some  memliers  of 
the  group  are  very  bii-d-like  in  form  and  structure,  so  much  so  that 
it  has  l»een  thought  that  the  two  may  have  had  a  common  ancestry. 

The  smallest  of  the  Dinosaurs  whose  acquaintance  we  have  made 
were  little  larger  than  chickens;  the  largest  claim  the  distinction  of 
Iwing  the  largest  known  quadrupeds  that  ha\e  walked  the  face  of  the 
earth,  the  giants  not  only  of  their  day,  but  of  all  time,  before  whose 
huge  frames  the  bones  of  the  Mammoth,  that  familiar  Dyword  for  all 
things  great,  seem  slight. 

For  Krontosaurus,  the  thunder  lizard,  lieneath  whose  mighty  tread 
the  earth  shook,  and  his  kindred  were  from  4U  to  60  feet  long  and  10 
to  14  feet  high,  their  thigh  bones  measuring  5  to  i>  feet  in  length, 
being  the  largest  single  bones  known  to  iis,  while  some  of  the  veitcbrte 
were  4i  feet  high,  exceeding  in  dimensions  those  of  a  whale. 

The  group  to  which  Bronto-sanrus  belongs,  including  Diploducus 
and  Morosaurus.  is  distinguished  l)y  a  large,  though  rather  short, 
body,  very  long  neck  and  t«il,  and,  for  the  size  of  the  aniinal.  a  very 
small  head.  In  fact,  the  head  vtas  so  small  and.  in  the  case  of  Diplo- 
dtM.us,  so  poorly  provided  with  teeth  that  it  must  have  l>een  quite  a 
task,  or  a  long -continued  pleasure,  according  to  the  state  of  its  digestive 
apparatus,  for  the  annual  to  have  eaten  its  daily  meal. 

An  elephant  weighing  5  tuns  eats  10(1  jxiunds  of  hay  and  li»  ]>onnds 
of  grain  for  his  day's  ration:  but.  as  this  food  is  in  a  comparatively 
concentrated  form,  it  would  require  at  least  twice  this  weight  of  green 
foddei'. 

It  is  a  dilKcult  mattvr  to  estimate  the  weight  of  a  live  Diplodocus  or 
a  Brontosaurus.  but  it  is  pretty  .nafe  to  say  that  it  would  not  be  far 
from  20  tons,  and  that  one  would  devour  at  the  very  least  something 
over  7(NI  pounds  of  leaves  or  twigs  or  plants  each  day  —more,  if  the 
animal  felt  really  hungry. 
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But  here  we  must,  oven  if  reluctantly,  curb  our  iroBgination  a  little 
and  consider  another  point:  The  cold-blooded,  slug^t^b  reptilej*.  sic!  we 
know  them  to-day,  do  not  waj^te  their  energies  in  rapid  movements, 
or  in  keeping  the  temperature  of  their  bodies  above  that  of  the  air, 
and  so  by  no  mcun^  require  the  amount  of  food  needed  by  more 
ai'tive,  warmblooded  animate.  Alligators,  turtles,  and  snakes  will  go 
for  weeks,  even  months,  without  food,  and  while  this  applies  more 
particularly  to  those  that  dwell  in  temperate  climes  and  during  their 
winter  hibernation  praetically  suspend  the  (unctions  of  digestion  and 
respii-ation,  it  is  more  or  less  true  of  all  roptiles.  And  as  there  is  little 
reason  for  supposing  that  reptiles  behaved  in  the  past  any  differently 
from  what  they  do  in  the  present,  these  gi'eat  Diiiosaui's  may,  after 
all,  not  have  been  gift«d  with  such  ravenous  appetites  as  one  might 
fancy.  Still,  it  is  dangerous  to  lay  down  any  hard  and  fast  law«  con- 
cerning animals,  and  he  who  writ«s  about  them  is  continually  obliged 
to  qualify  his  remarks — in  sporting  parlance,  to  hedge  a  little,  and  in 
the  present  instance  there  is  some  reason,  based  on  the  arrangement 
of  the  vertebra"  and  nbs,  to  suppa'se  that  the  lungs  of  Diiiosaurs  were 
somewhat  like  those  of  birds,  and  that,  as  a  corollary,  their  blood  inay 
have  been  better  aerated  and  warmer  than  that  of  living  reptiles. 
But  U>  i-eturn  to  the  question  of  food. 

From  the  peculiar  charat.'ter  of  the  articulations  of  the  limb  liunct^ 
it  is  inferred  that  these  animals  were  largely  aquatic  in  their  habits, 
and  fed  on  some  abundant  species  of  water  plants.  One  can  readily 
see  the  advantage  of  the  long  neck  in  browsing  off  the  vegetation  on 
the  bottom  of  shallow  takes,  while  the  animal  was  submerged,  or  in 
rearing  the  bead  aloft  to  scan  the  surrounding  shores  for  the  appi-oat^h 
of  an  enemy.  Or,  with  the  tail  as  a  countei-poise,  tlie  entire  body 
could  be  reared  out  of  water  and  the  head  be  raised  some  30  feet  in 
the  air. 

Triceratops,  he  of  the  three-horned  face,  had  a  renmrkable  skull 
whicli  projected  backward  over  the  neck,  like  a  fireman's  helmet,  or  a 
sunbonnet  worn  hind  side  iK'fore,  while  over  each  eye  was  a  massive 
horn  directed  forward,  a  third,  but  nmcli  smaller  horn  l>eing  s<inie- 
timos  present  on  the  nose. 

The  little  "horned  toad,"  which  isn't  a  toad  tit  all,  is  the  neai-est sug- 
gestion we  have  to-day  of  Triceratops;  but,  <rould  he  realize  the 
ambition  of  the  frog  in  the  fable  and  swell  himself  to  the  dimensions 
of  an  ox,  lie  would  even  then  lie  but  si  pigmy  compared  with  his 
ancient  and  distant  relative. 

So  far  as  iiu-re  appearance  goes  he  would  compare  \iyiy  well,  for 
while  so  much  is  said  aliout  the  strange  apjHsarance  of  the  Dinosaurs, 
it  is  to  l>e  borne  in  mind  that  their  peculitirities  are  enhanced  by  their 
size,  and  that  there  are  many  lizai'ds  of  to-day  that  lack  only  stature  to 
be  even  more  bizarre;  and,  for  example,  were  the  Australian  Moloch 
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but   l)if;  fiioufflu  li»'  foultl  jfivo  t-vvii  SU'jfdsmiins  "■iHiints"  in  nunv 
ways  than  one. 

Standing  before  the  wkull  of  Tricemtwps.  looking  him  wjuarely  in 
the  face,  one  notices  in  front  of  eacli  eye  a  thick  truanl  of  projecting 
lione,  and  while  this  must  have  interfered  with  vision  directly  aliead 
it  niuttt  have  also  furnished  protectioH  for  the  eye.  So  long  as  Tri- 
ceratops  faced  an  advcrsjiry  he  must  have  l>een  pi-actically  invidiier- 
ablcr  but  as  he  wan  the  largest  animal  of  his  time,  upward  of  25  feet 
in  length,  it  is  prolwhle  that  hiscomlHits  were  mainly  with  those  of  his 
own  kind  and  the  subject  of  dispute  some  fair  female  upon  whom  two 
rival  suitois  had  cast  covetous  eyes.  What  a  .»<ight  it  would  Imie  In^en 
to  have  s<'en  two  of  these  big  brutes  in  mortal  combat  as  they  charged 
upon  each  other  with  all  the  impetus  to  he  derived  from  ten  tons  of 
infuriate  flesh!  We  may  picture  to  ourselves  horn  ciaHhiug  ugxin  horn, 
or  glancing  from  each  )H>ny  shield  until  sonu'  skillful  stroke  or  unlucky 
slip  placed  one  combatant  at  the  mercy  of  the  other,  and  he  went  down 
Iwfore  the  blows  of  his  adversary  "as  falls  on  Mount  .\lvernus  a 
thunder-smitten  oak." 

A  pair  of  Triceratops  horns  in  the  National  Museum  l»ears  witness 
to  Huch  encounters,  for  one  is  broken  midway  tK-twecn  tip  and  ba.se; 
and  that  it  was  broken  during  life  is  evident  from  the  fact  that  the 
stump  is  healed  and  rounded  over,  while  the  size  of  the  horns  shows 
that  their  owner  reached  a  ripe  old  age. 

For,  unlike  man  and  the  higher  vertebrates,  reptiles  and  fishes  do 
not  h&ve  a  maximum  standard  of  size  which  is  aotm  reached  and  rarely 
exceeded,  but  continue  to  grow  tliruughout  life,  .so  that  the  size  of  a 
turtle,  a  crocodile,  or  a  Dinosaur  t«lU  something  of  the  duration  of  its 
life. 

Before  quitting  Triceratops  let  us  glance  for  a  moment  at  its  skeleton. 
Now  among  other  things  )i  skeleton  is  the  solution  of  a  i>n>blem  in 
mechanics,  and  in  Triceratops  the  head  st)  dominates  the  rest  of  the 
structure  that  one  might  almo.'it  imagine  the  skull  was  made  first  and 
the  lK)dy  adjusted  to  it.  The  great  h»?ad  seems  made  not  only  for 
ofiense  and  defen.se:  the  spreading  frill  serves  for  the  attachment  of 
muscles  to  sustain  the  weight  of  the  skull,  while  the  work  of  the 
niusclea  is  made  easier  by  the  fact  that  the  frill  reaches  so  far  back  of 
the  junction  of  head  with  neck  as  to  largely  counterbalance  the  weight 
of  the  face  and  jaws.  When  we  restored  the  skull  of  this  animal  it 
was  found  that  the  center  of  gravity  lay  back  of  the  eye.  Several  of 
the  Iwnes  of  the  ueek  lire  united  in  one  nniss  to  furnish  ii  finn  attach- 
ment for  the  nmseh's  that  sup[H)rt  and  move  the  skull,  but  as  the  move- 
ments of  the  ni-ck  are  already  restricted  by  the  overhanging  frill,  this 
loss  of  motion  is  no  additional  di.-wid vantage. 

To  support  all  this  weight  of  skull  and  l>ody  requires  very  massive 
legs,  and  as  the  fore  legs  are  very  short,  this  enables  Tnceratop.s  to 
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l)rowst^  comfortahly  from  the  gi-ound  hv  mprely  lowering  the  front  of 
the  head. 

These  foniis  we  have  Iwen  considering  weiv  theginntt;  of  the  group, 
but  a  coiiimoiii'r  Kp4>cieu,  The^peHiUH,  though  \ess  in  )nilk  than  thoxe 
just  mentioned,  wa.s  still  of  goodly  proportiona,  for,  an  he  stalktnl 
aiiout,  the  top  of  his  head  was  12  feet  from  the  ground. 

Thespexius  and  hin  kin  seem  to  have  been  conii>aratively  abundant, 
for  they  have,  a  wide  distribution,  and  many  specimens,  some  almost 
perfect,  have  l«'en  discovered  in  this  country  and  abroad.  No  les.i  than 
29  Iguanodons,  ^  European  relative  of  Thespesius,  were  found  in  one 
spot  in  mining  for  coal  at  B  rnissart.  Belgium.  Here,  during  iong 
years  of  Cretaceous  time,  a  river  slowly  cut  its  way  through  the  coal- 
iKsaring  strata  to  a  depth  of  750  feet,  a  depth  almost  twice  as  great  as 
tlie  deepest  jmi-t  of  the  gorge  of  Niagara,  and  then,  this  l>eing  accom- 
plished, l>egHn  the  work  of  rilling  up  the  valley  it  had  excavated.  It 
was  then  a  sluggish  .stream  with  marshy  borders,  a  stream  subject  to 
fretpient  flo<ids,  when  the  water,  turbid  with  mud  and  laden  with  sand, 
oveiHowed  its  banks,  leaving  them,  as  the  waters  subsided,  covered 
thickly  with  mud.  Here,  amidst  the  luxuriant  vegetation  of  u  semi- 
tro)>ical  climate,  lived  and  died  t)ie  Iguanodons,  and  here  the  pick  of 
the  miner  rescued  them  from  their  long  entombment  to  form  part  of 
the  treasures  of  the  nmseum  at  Brussels, 

Like  other  reptiles,  living  and  extinct,  Thespesius  was  continually 
renewing  his  teeth,  so  that  as  fast  as  one  tooth  was  worn  out  it  was 
replaced  bj'  another,  a  point  wherein  Thespesius  had  a  decided  advan- 
tage over  ourselves.  On  the  other  hand,  as  there  was  a  reserve  supply 
of  something  like  400  teeth  in  the  lower  jaw  alone,  what  an  opportu- 
nity for  the  toothache! 

And  then  we  have  a  multitude  of  lesser  Dinosaurs,  including  the 
active,  predatory  species  with  sharp  claws  and  double  edged  teeth. 
Megalosaurus,  the  first  of  the  Dinosaurs  to  be  really  known,  was  one 
of  these  carnivomus  species,  and  from  our  West  comes  a  near  relative. 
Cei-atosaurus,  the  nose-horned  lizard,  a  queer  l>east  with  tiny  f  oro  legs, 
powerfiil,  sharp-clawed  hind  feet,  and  well-armed  jaws.  A  most 
formidable  foe  he  seems,  the  moi'e  that  the  hollow  bones  speak  of 
active  movements,  and  Professor  (3ope  pictured  him,  or  a  near  i-ela- 
tive,  vigorously  engaged  in  combat  with  his  fellows,  or  preying  upon 
the  huge  but  helpless  herbivores  of  the  marshes,  leaping,  biting,  and 
tearing  his  enemy  to  pieces  with  tooth  and  claw. 

Professor  Osborn,  on  the  other  hand,  is  inclined  to  consider  him  as 
a  reptilian  hyena,  feeding  uix>n  carrion,  although  one  can  but  feel  that 
such  an  armament  is  not  entirely  in  the  interests  of  pcac«. 

Ija^t,  but  by  no  means  least,  are  the  Stegosaurs,  or  plated  lizards; 
for  not  only  were  they  beasts  of  goodly  size,  but  they  were  among 
the  most  singular  of  all  known  animals,  singular  even  for  Dinosaurs. 

■ii  .1   C.oot^lc 
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Thcv  )i!i(l  dimiiiutiv<>  hciuis,  small  fort-  hsg^.  loiijr  ttiils  armed  on  cither 
suii-  near  the  tip  with  two  pairs  of  lar^o  spines,  while  fix)m  these 
f*|>iiies  to  the  neck  ran  scrien  of  large  bnt  thin  and  shaqj- edged  plates 
stHiidiiig  on  edge,  so  that  their  Inu-ks  looktnl  like  the  bottom  of  a  boat 
]>rovided  with  a  iiuml>erof  little  WMiterboards.  Juwt  how  these  plates 
vv'i're  armnged  I*  not  decided  beyond  a  peiiidventiire,  but  while  orig- 
inally figured  as  having  them  in  a  Mingle  Merles  down  the  ba<^k.  it  seems 
much  more  probable  that  they  formed  parallel  rowM. 

The  largest  of  these  plates  were  2  feet  in  height  and  length,  and 
not  more  than  an  inch  thick,  except  at  the  basei,  where  they  wej'c 
enlarged  and  roughened  to  give  a  firm  hold  to  the  thick  skin  in  which 
they  were  itnl>edded.  Be  it  remembered,  Um,  that  these  plates  and 
spines  wei"o  doubtloMi  covered  with  horn,  so  that  they  were  even 
longer  in  life  than  as  we  now  see  them.  The  tail  spines  varied  in 
length,  ftccoi-ding  to  the  species,  from  8  or  y  inches  to  nearly  :J  feet, 
und  some  of  them  have  a  diameter  of  €>  inches  nt  the  base.  They  were 
swung  liy  a  tail  K  to  10  feet  long,  and,  as  a  visitor  wa-s  heard  to 
remark,  (me  wouldn^t  like  to  l>e  almut  such  an  animal  in  fly  time. 

.Such  were  some  of  the  Mtrange  and  mighty  animals  that  once  roamed 
this  continent  from  the  valley  of  tiie  Conneeticut,  where  they  literally 
left  their  footprints  on  the  sands  of  time,  to  the  Rocky  MountaiuM, 
where  the  ancient  lakeM  and  rivers  bet^ame  cemetcrieN  for  the  entomb- 
uient  of  their  Iwnes, 

The  labor  of  the  collector  hae  gathered  their  fossil  remaiuM  from 
many  a  Western  canyon;  thei^killof  the  preparator  has  removed  them 
from  theirstony  sepulchres,  and  the  study  of  the  anatomist  has  reut^n-ed 
them  as  tluiy  were  in  life. 
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THE  GREATEST  FLYIN'G  CREATURE. 


By  S.   P.  Lanoi.et. 


A  question  of  intorpst  to  all  who  are  Httnvcteii  to  the  sulijeet  of  nerial 
navigation  by  living  raaehines  (or  things  heavierthan  theair,  andwhioli, 
therefore,  do  not  float  like  a  balloon,  hut  are  dependent  entirely  on 
some  me<-banieBl  power  for  their  supiwrt)  is,  "  What  has  natui-e  her- 
self done  in  the  way  of  large  flying  uiaibineH,  and  are  the  birds  which 
we  see  now  the  limit  of  her  ability  to  eonntruct  themf" 

In  former  epoi'hM  of  oin-  planet's  hiwtory  there  were  larger  flying, 
creatures  than  now,  notably  the  Ptentdmrtyl,  "a  brother  to  dragons," 
a  reptile  rather  than  a  bird,  but  a  reptile  with  enormously  great  wings. 
We  do  not  know  just  how  great  this  wa-s  in  the  living  creature,  except 
conjecturally,  for  we  have  only  the  -skeleton.  To  take  the  expanse  of 
Ihe  wing  skeleton  of  a  bird  as  giving  us  the  expanse  of  wing  of  the 
actual  bird  would  be  to  greatly  underestimate  it,  the  stretch  of  the 
skeleton  being  much  less.  The  skeleton  (which  is  all  we  have  left  of 
the  Pterodactyl,  a  featherless  reptile,  and  in  that  important  respect 
different  from  a  bird)  will  !»  more  nearly  in  expam^e  that  of  the 
living  creature. 

We  have  heie  in  the  illustration  (PI.  I)  a  larger  than  ordinary  speci- 
men of  Ornithostoma,  a  Pterodactyl  whose  nkeleton  indieat<»s  a  spread 
of  wing  of  about  twenty  foet. 

It  is  compared  with  that  of  the  condor,  nearly  the  largest  bird  now 
on  the  planet. 

For  my  immediate  purpose  I  will  recall  to  the  reader  that  birds  are 
divisible  into  two  classes:  (1)  those  who  soar  with  little  motion  of 
their  wings,  and  yet  in  some  mysterious  manner  keep  their  generally 
weighty  Intdies  afloat  on  the  yielding  air,  and  (:;>  those  who  flap  their 
wings. 

Ornithostoma  l>elongs  almost  unquestionably  to  the  first  of  these 
cla-*sos.  Its  weight  is  not  to  be  exactly  estimated,  but  from  a  variety 
of  consideration,'*,  part  of  which  are  quote<l  by  Mr.  Lucas  in  the  ensu- 
ing paper,  it  is  possible  that  the  average  specimen  of  Ornithostoma. 
in  Npite  of  its  great  wing  space,  did  not  weigh  over  thiitv  p<niinls. 
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Now  we  wish  for  our  especial  purpi>si>  <if  comparinfr  thin  hird  witli 
other  flying  things,  to  know  («)  the  supjHU'ting  lu-ea  in  siniare  feet,  (i) 
the  weight,  and  (c)  the  power  for  (1)  ii  Hying  miu-hine  of  nian'F<  inven- 
tion, which  has  lu^tually  flown  for  <-onipftmtively  long  distances.  (2) 
lilie  fiu'tn  for  this  the  largest  of  nature's  Hying  iitiichines.  and  (3)  for 
some  of  our  piest^nt  birdw.  To  recapitulate,  we  need  for  our  special 
pui'po^eat  least  the  following  data  for  any  flying  thing,  namely,  (1)  tho 
^supporting  area  in  square  feet.  ('2)  the  weight  in  pounds,  and  (3)  thf 
horsepower  which  drives  it  through  the  air. 

It  is  evidently  impossible  to  exactly  recover  all  of  these  for  the 
I*terodaotyl,  and  hard  to  definitely  establish  all  three  even  in  living 
sjjecimens.  but  we  may  a.ssunie  in  the  ca.-ie  of  the  hoi'sepower  that  it  i.-i 
proportioned  to  the  area  of  theiittachment  of  the  muscles  which  moved 


the  bird  in  flight,  an  assumption  which  is  doubtless  only  approximately 
true,  but  may  .serve  our  immediate  purpose.  With  this  understand- 
ing I  present,  together  with  an  instantaneous  photograph  of  a  steel 
flying  machine  in  actual  flight  (PI.  il)  (repeated  here  fixim  «  previous 
publication),  a  diagram  (Pis.  Ill,  IV)  representing  tlie  above  thi-ee 
facts  in  the  case  of  (1)  the  flying  machine,  (2)  the  Pterodactyl  (Ornitho- 
stotiia),  (3)  the  condor,  and  (4)  the  buzzard,  all  soaring  things,  and  (,'>) 
the  wild  goose,  (6)  the  pigeon,  and  (7)  the  huii  niing  bii-d,  which  last 
three  fly  by  moving  their  wings. 

This  steel  flying  machine  shown  in  tlie  InstHntaneous  photogniph 
had  a  supporting  area  of  .i4  square  feet,  a  weight  'if  30  ix>unds,  devel- 
oped 14  horsepower,  and  repeatedly  flew  from  one-half  a  mile  to 
three-quarters  of  a  mile.  These  facts  are  i-epresented  in  the  diagram 
by  the  three  rectangular  figures  whose  areas  are  piopoitional  to  these 
values.     Immediately  after  it  comes  nature's  greatest  flying  macblYie. 


—a,tmfa  Flv<"f  Ctiruri 


).  5  rN  Fliqht,  May  6,  1896. 
■KTHI-hby  A.lir.ihHmll..|l.  .■-:. 
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the  Pt«'rodactyi.  This  may  have  been  quite  ^)  fei't  from  tip  to  tip  of 
wing.  Thp  palcontiflogiwt  says  that  approximately  the  w'ln^  surface 
was  25  square  feet,  the  weight  something  like  3ii  iK)uiids,  and  J  infer 
from  the  considemtion  just  quotwl  that  the  power  was  probably  less 
than  0.05  horsejjower;  the  immensely  greater  economy  and  efficiency 
of  nature  in  the  respect  of  power  l>eing  most  strikingly  shown  by  the 
size  of  the  small  rectangle  as  compared  with  that  in  the  tlying  machine 
of  iiian'.s  invention. 

After  this  comes  the  condor,  preeminently  a  soarer.  Ifci  stretch  of 
wing  13  y  to  10  feet.  it.s  .supporting  area  very  nearly  10  square  feet, 
its  weight  17  pounds,  and  the  approximate  horsepower  it  develops 
(inferred  from  the  facbt  already  stated)  scarcely  0,05. 

Next  comes  the  turicey  buzzard,  whose  streteh  of  wing  is  fi  feet, 
it-i  supporting  are«  a  little  over  5  square  feet,  ttn  weight  5  pounds, 
an<l  the  approximate  hor,sepower  it  develops  (as  alM)ve)  (i,015. 

All  the  al>ove  are  .soaring  birds.  I  now  pass  Uy  another  order  of 
birds,  which  flap  their  wings.  The  wild  goose,  with  a  supporting 
area  of  2.7  stjuare  fe#t,  has  a  weight  of  9  [Htunds.  an<l  needs  a  propor- 
tionately greater  power  of  nearly  M.Oiili  hoi-sej^wer  to  drive  it,  as 
against  scarcely  0,02  horsepower  in  the  last  example. 

Next  we  have  another  familiar  bird,  the  pigeon,  which  drives  itself 
by  flapping  the  wings.  This  has  an  area  of  about  n,7  of  1  square  foot, 
a  weight  of  1  {K>und.  and  a  horsepower  of  0,012. 

Below  this  we  c<inie  to  the  humming  bird,  whose  area.  l>eing  shown 
on  the  same  scale  as  the  others,  is  almost  too  small  to  )>e  distinguished 
on  the  page,  but  which  has  a  supporting  surface  of  ne«rly  0.03  of 
a  square  foot,  a  weight  less  than  0,02  of  a  pound,  and  a  horse- 
power of  probably  not  over  0,001,  (All  these  values,  as  we  have 
already  said,  are  but  approximative.) 

Particular  attention  is  to  l>e  paid  to  the  fait  that  i-egarding  the 
nitios  of  supporting  surface  to  weight  supportetl,  these  ratios  are  not 
only  not  the  same  in  all  the  birds,  but  themselves  differ  greatly,  but 
systematically,  with  Ihe  al»solute  weight.  If  we  inquire  how  much 
I  hoisepower  wtmid  support,  for  instance,  supposing  the  ratios  of 
sustaining  surface  (i.  e.,  wing  area)  to  weight  to  be  constant,  we  find 
that  1  horseiKJwer  would,  in  the  flying  machine,  support  20  pounds 
with  SO  square  feet  areji  of  wing  (i.  e,,  Ijt  square  feet  to  a  pound); 
and  that,  passing  to  the  flapping  birds,  if  the  wild  goose  were  to  pre- 
serve the  same  relations  on  an  enlarged  scale,  its  1  horsepower  would 
support  346  pounds  of  weight  with  the  use  of  101  square  feet  of  wing 
surface  or  0.2!i  sijuare  feet  to  the  p<mnd;  that  in  the  pigeon  1  horse- 
l»ower  would  support  83  pounds  of  weight  with  the  use  of  58  siiuai'e 
feet  of  wing  surface  or  0.7  square  feet  to  the  pound,  and  that  in  the 
htmaming  bii-d  1  horsepower  would  s'jpport  16  pounds  of  weight  with 
the  use  of  26  square  feet  of  wing  surface  or  1.73  sijuiire  feet  to  the 
IMniiid.     S<)  that,  broadly  speaking.so  far  as  these  few  examples  go,  the  I C 
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larger  the  t-roature  the  lews  i-eftttive  surface  and  jMUVPr  is  npeded  for 
its  support. 

From  the  ohvious  niatbeniatieal  law  that  the  area  in  bodies  in  gen- 
eml  increaseH  as  the  square  of  their  dimensions,  while  their  weight 
increasei^  as  the  cube,  it  is  an  apparently  plain  inference  that  the  larger 
the  creature  or  machine  the  less  the  relative  area  of  support  may  be 
(that  is,  if  we  consider  the  mathematical  relationship,  without  reference 
to  the  question  whether  this  diminished  support  is  actually  pbysicalij' 
sufficient  or  not),  so  that  we  soon  rea<-h  a  condition  where  we  can  not 
imagine  flight  possible.  Thus,  if  in  a  -soaring  bird  which  we  may 
suppose  to  weigh  '2  pounds  we  should  find  that  it  had  2  square  feet  of 
surface,  or  a  mtio  of  a  foot  to  a  pound,  it  would  follow  from  the  law- 
just  stated  that  in  a  soaring  bird  of  twice  the  dimension  we  should 
have  a  weight  of  16  pounds  and  an  area  of  8  square  feet,  or  only  half 
a  square  foot  of  supporting  area  to  the  pound  of  weight,  so  that  if 
flight  is  possible  in  the  first  rase  it  would  appear  to  be  highly  improb- 
able in  the  -second,  The  difficulty  gi-ows  greater  as  we  increase  the 
size,  for  when  we  have  a  creature  of  three  times  the  dimensions  we 
-shall  have  twenty-seven  times  the  weight  and  only  nine  time.s  the 
sustaining  surface,  which  is  but  one-third  of  a  foot  to  a  pound.  Tbit^ 
is  a  consequence  of  a  mathematical  law,  from  which  it  would  appear 
to  follow  that  we  can  not  have  a  flying  creature  much  greater  than  a. 
limit  of  area  like  the  condor,  unless  endued  with  extraordinary 
strength  of  wing. 

But  this  apparently  necessary  mathematical  consequence  is  not  the 
law  of  nature,  for  while  it  is  found  that  in  the  larger  bird  a  smaller 
area  for  each  pound  of  the  weight  is  given  under  the  law  than  in  the 
smaller  bird,  it  is  also  found  (what  is  another  thing)  that  this  smaller 
area  is  nevertheless  sufficient,  and  that  from  the  mathematical  law 
just  cited  there  does  not  follow  the  apparently  obvious  consequence 
(notably  in  the  laiger  creatures  like  the  condor,  perhaps  less  notably 
in  such  a  creature  as  the  Pterodactyl)  that  the  bird  can  not  be  sup- 
ported, and  while  the  fact  is  certain  that  it  can,  the  cause  of  this  does 
not  seem  to  be  clearly  known. 

Special  cases,  it  may  be  said,  may  furnish  an  exception  to  what  in 
the  nature  of  things  must  be  the  general  rule.  Such,  however,  again 
does  not  seem  to  be  the  fact.  This  anomaly  which  is  even  now  not 
generally  appreciated  seems  to  have  lieen  first  notic^'d  by  a  French 
observer,  M,  de  Lucy,  who  about  1S68  published  a  memoir,  which  I 
have  not  .seen  in  the  original,  but  an  English  translation  of  which  was 
published  in  the  Fourth  Annual  Report  of  the  Aeronautical  Society 
of  Great  Britain  for  1869,  and  an  extract  from  which  is  here  repro- 
duced. The  same  facta  arc  given  at  greater  length  in  an  article  by 
Dr.  Karl  MQIIenhoff,  of  Berliti,  in  the  Arcbiv  fQr  die  Gesammte 
Phystologie,  Volume  XXXV  from  which  Plate  V  is  taken. 
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The  curve  (Plate  V)  shows  the  same  facts  in  a  graphic  form,  aad  they 
seeni  to  me  to  deserve  a  fuller  explanation  than  has  yet  been  given  to 
them. 

I  now  invite  the  reader's  attention  to  Mr.  LiuWs  interesting  papiT, 

S.  P.  Langlby. 


THE    (iREATEKT    FLITISG    CREATURE,   THE    GREAT    PTEBODACTYI- 
ORNrTHOSTOMA. 


By  F.  A.  Lucas, 

thiilfi  Slalf>  SnU-mn/  .W.ih.n 


No  ono  animal  combines  all  the  best  features  of  weight,  power,  and 
wing  area  needed  in  a  flying  machine,  for  those  with  the  greatest  ex- 
panse of  wing  lire  by  no  means  the  heaviest  and  strongest,  while  the 
most  powerful  birds  are  not  those  of  the  longest  sustained  flight  or 
those  which  fly  to  the  bt-st  advantage  if  considered  from  an  economical 
stand]x>int.  The  Frigate  Bird,  which  U  perhaps  the  bird  of  all  others 
most  at  home  in  the  air,  lacks  carrying  capacity,  being  so  far  as  mere 
muscle  goes  comjjaratively  weak,  sailing  by  skill  and  not  by  strength. 
Bii-ds  of  prey,  on  the  other  hand,  which  can  carry  away  a  quarry  of 
very  nearly  their  own  weight,  fly  when  they  do  this  by  lalmred  strokes 
of  their  powerful  pinions,  with  an  apparent  expenditure  of  considera- 
ble power,  sailing  or  soaring  only  when  not  encumbered  by  extra 
weight. 

The  Albatross,  which  haw  a  maximum  weight  of  IH  pounds  and  a 
spread  of  wing  of  11  feet  6  inches,  is  the  mo.st  notable  example  we 
have  of  long  sustained  flight  in  a  heavy  bird,"  and  it  is  the  more 
remarkable  from  the  fiut  that  as  the  wing  is  extremely  nari-ow  iU 
area  is  lery  small,  not  exi^ecding  7  .square  feet.  The  surplus  lifting 
j)ower  of  this  bird  is  <iuit^'  small,  since  the  wing  niustiles  on  whoso 
ai-ea  we  must  base  our  estimate  of  the  amount  of  fon^e  exercused  in 
flight  are  comiiaratively  small.  Both  the.  Albatross  and  Frigate  Bird, 
however,  are  of  double  int4>ret^t  fi-om  the  ^■ery  faet  of  their  great  ex- 
tent of  wing  and  small  amo  int  of  muscle,  since  they  thus  throw  some 
light  on  the  que- tlon  of  the  length  of  wing  that  may  be  manipulated 
with  a  given  force. 

°  SnilorN  Hi>itiftiiiii>)'  catcli  :in  .\lbatr[>rw,  fasten  tu  it  a  tag  lit^ring  the  naine  of  tlio 
uhip.  dati'  iiC  ■'a]>ture,  latitude  and  longitude,  and  then  release  the  bird.  A  N|>ecinien 
Ihne  tt^n^cetl  an<l  niitiseijiiently  taken  by  anotlier  sliip  in  prt-nerved  in  the  mwieuin  of 
limwn  rnivereily,  phow-'ijt  Iliat  in  twelve  dayi"  it  had  travurseii  a  diftance  of  at  least 
:M.'<OTnil<-B,  ]>ru1)ably  niorH.  xiDce  tin-  A11>alni-^s  r.in-1y  tlien  In  a  dinn't  line. 
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Tbr  Condor.  »nd  his  coiiPin.  the  California  Vulture,  weigh  about 
tlie  same  as  an  Albatrosn/  Ijut  the  broad,  rounded  shape  of  their  wings 
yives  tbem  a  much  givat«ir  area,  and  tbi«  diflereno*^  is,  in  turn,  relat«(I 
to  differences  in  flight,  for  the  great  vultures  soar  high  in  the  air, 
while  the  Albatnias  skims  the  sea,  rarely  rising  to  an  elevation  of  I.tD 
feet. 

It  is  to  l»e  noted,  liowevi^r.  that  the  ([uestion  of  food  has  iwmething 
U>  <lo  with  the  mode  of  flight,  since  the  one  bird  seeks  its  food  from 
the  surface  of  the  watt^r.  while  tin-  other  mounb*  aloft  to  scan  the  earth 
ill  search  of  something  eatable. 

Humboldt  is  credited  with  haviilg  seen  a  Condor  soaring  above  the 
summit  of  Chimborazo;  but  that  this  or  any  bird  ever  att4iins  such  an 
altitude"  is  nion>  than  questionable,  and  WhyniiM-r.  the  most  recent 
and  most  careful  obser\er.  puts  the  range  of  the  threat  Vulture  at  from 
7.1MH)  to  1.5,0(M)  feet. 

The  (.>>ndor  is  said  to  attain  u  spn-ad  of  wing  of  15  feet,  but  no  bird 
of  anything  like  this  size  is  pn-served  in  any  collection,  and  even  10 
feet  6  inche.-i  from  tip  to  tip  may  Im"  liHiked  ujwn  as  exceeding  the 
normal  or  average  size.'  As  the  Albatross  averages  Itl  feet  fn>m  tip 
to  tip,  and  is  said  by  good  observiTs  to  reswrb  I'J  or  even  14  feet."  it 
may  be  pretty  safely  set  down  as  having  the  greatest  stretch  of  wing 
of  any  animal  now  living.  Certainly  the  Albatross  .stands  first  in  length 
of  wing  l)ones,  for  these  measure  8  feet  '4  inrhes  in  the  great  wander- 
ing Albatross,  while  the  bones  of  a  large  Condor  have  a  combined 
U-ngth  <)f  but  6  feet  1  inch.  Moreover,  the  AHwtro.ss  inhabits  the 
wind-swept  seas  of  the  Southern  Hemi.spbere.  one  of  the  stonnicst 
regions  of  the  globe,  iind  is  continually  allied  u)Kin  to  wiel<l  its  pinions 
in  the  teeth  of  gales,  and  the  successful  manner  in  which  this  is  done 
calls  forth  the  adiuimtion  of  the  observer. 

So  far  as  carrying  weight  is  (^mcerned.  the  TrumiM'ter  Swan  stands 
at  or  near  the  head  of  the  list,  for  this  liini  attains  a  weight  of  -^S 
jHiunds.  iind  carries  ihis  far  and  fast  witha  spread  of  wing  of  S  feot. 
lis  mode  of  flight  is  entirely  ditfeiviit  fixim  that  of  the  Ailmtross,  la'ing 

'  .\  CalifiiriiU  VhUhiv,  I   year.il.l,  in  the  XatiimHl  iCoiiltigii-Hl  I'lirk, 

'llipln  1111'  known  l<>  NiijiniU'  ut  ii  vi 


a  liiul  u  H[>mi<l  <if  only  S  I'trt  K  im-lK^^,  and  the  l*ali- 
kiIii>>k-hI  I'ark  at  IVashitiKtoii  mcai'uri's  liut  9  feft  21 
ni>r<t  lar^i'  ariiniali'.  Cimilurs  slirink  wofully  lipfriri'  a 

[■»  nK'niiiinil  bv  Ilic  writer  hail  a  s|>rMul  of  »iii>^  •>! 
.,Ti-  Uh-U  of  l'  y.-ar  aii.l  2  years  oM,  an.i  many  of 
niiii'li  lariiiT.     The  sliij/s  i-ani'iili-rcUinW  lolmw 
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performed  by  powerful  wing  beats,  while  the  latter  bird  rarely  flaps 
its  wings,  but  sails  over  the  water  with  little  apparent  expenditure  of 
muscular  power.  In  default  of  these  birds  the  Wild  (ioose  {Semida 
canademis)  and  Turkey  Buzzard  may  serve  aa  representatives  of  differ- 
ences in  method  and  apparatus  of  flight. 

The  goose,  like  his  relative  the  swan,  flies  by  means  of  the  strokes 
of  his  wings  and  oarries  a  weight  of  9  pounds,  with  a  wing  area  of 
2.65  square  feet  and  a  muscle  area  of  8.84  square  inches;  the  sailing 
buzzard,  with  a  weight  of  .5  pounds,  ha-s  a-wing  area  of  5.3  square  feet 
and  a  muscle  area  of  5.ia  square  inches.  Thus  the  one  bird  haa  0.3 
square  foot  area  of  wing  per  pound  of  weight,  while  the  other  has  1.06 
square  feet  per  pound  of  weight.  Or,  if  we  wish  to  compare  the  area 
of  wing  to  the  area  of  sternum,  we  may  say  that  in  the  goose  this 
ratio  is  43  to  I  and  in  the  buzzard  14!t  to  1.  The  minimum  of  wing 
area,  both  positively  and  comparatively,  is  reai-hed  in  the  humming' 
birds,  which  may  l>e  typified  by  a  species  conmion  in  Barbados  {E-ulam- 
pia  chlonilivmuH).  This  little  bird,  weighing  M.IU5  pound,  has  a  wing 
area  of  0.O36  square  foot,  and  a  uniscle  area  of  0.33  square  inch,  a 
ratio  of  11.4  to  1,  while,  if  brought  up  to  ouni'eii,  the  wing  urea  per 
ounce  would  l)e  but  0.76  square  inch. 

These  difi'erences  are  dwelt  on  at  some  length  in  the  introduction  to 
this  ijaper,  where  they  are  graphically  expressed  by  means  of  diagrams 
and  compared  with  the  weight,  horsepower,  and  supporting  area  of 
a  flying  machine. 

The  buzzard  may  l>c  compared  Uy  a  ntiiiig  yacht  with  small  hull  and 
great  spread  of  canvas;  the  humming  Itird,  like  a  torpedo  Ivoat,  is 
mainly  engine. 

Mammals  may  be  practically  left  out  of  consideration  in  discussing 
large  flying  creatures,  for  while  many  of  the  Imts  fly  with  the  utmost 
dexterity,  none  of  them  attain  any  considerable  size,  the  largest  of  the 
fruit  bats  {l^eropm  fiiului)  weighing  under  3  ]K)unds  and  having  a 
spread  of  wing  of  5  feet.  Almost  even'onc  is  acquainted  with  the 
rapid  fluttering  flight  of  small  Isits,  and  it  need  only  be  said  that  the 
lai^  species  fly  with  measured  wing  lieab^  not  unlike  those  of  a  crow.         I 

Such  are  some  of  the  flying  forms  of  to-day,  and,  with  few  exceptions,        i 
they  seem  not  to  have  been  exceeded  by  any  creatures  of  the  past. 
Jfarj»ir/"i'H'x,  the  extinct  eagle  of  New  Zealand,  wss  lai'ger  and  more        | 
powerful  than  any  existing  bird  of  prey,  although  the  South  AmeriL-an        ' 
hfti'py  eagle  is  a  near  second;*  but  the  more  notable  exceptions  were 
the  great  flying  reptiles,  or  pterodactyls.  whi<-h  al>ounded  on  the  shores 
of  the  inland  sea  that  during  Creta<-eous  time  extended  from  the  Grulf 
of  Mexico  up  the  Mississippi  Valley  and  northwesterly  through  Kansas. 
And  as  the  huge  dinosaui-s  were  the  hirgust  ureatuivs  that  ever  walkc<I, 

■A  HI wi -in It'll  iif  thin  binl,   Thromiitis  hai^gin,  iu  the  Nalio:ial  Zoological  Park, 
-    wuigliH  lOJ  pouuds. 
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SO  the  greatest  of  the.se  pterodactyls  were  the  largest  creatures  that  ever 
flew,  their  outetretohed  wings  having  a  spread  of  20  feet  from  tip  to  tip. 

There  is  one  possible  rival,  a  bird  supposed  to  be  a  relative  of  the 
pt'licans,  <lescribed  by  Professor  Cope  under  the  name  of  Oyphomis; 
but  as  this  bird  is  known  from  a  small  f  nigment  only  and  its  wing  area 
very  far  from  certain,  Cyphomh  may  l>e  ruled  out  of  competition. 

The  greatest  of  the  pterodactyls,  Ornithontoma  iiigetut  (PI.  VI),  has 
l)«eii  described  at  some  length  by  Prof.  S.  W.  Williston,  of  the  State 
University  of  Kansas,  and  from  his  articles  have  been  taken  the  facts 
relating  to  this  curious  creature  that  are  herein  embodied, 

Th((  gi-eat  moa  niarku  one  extreme  of  specialization,  the  dispropor- 
tionate size  of  the  hind  as  compared  with  the  fore  limlis,  for  this  big 
l>ird  had  legs  (i  feet  long  and  no  fore  legs  at  all:  (J-riiifk/mtimiii  marks 
the  other  extreme  with  a  wing  !>  feet  in  length  and  a  leg  so  small  and 
weak  as  to  i)e  of  little  use  savi;  for  spreading  the  wing  membrane. 
For,  like  other  pterodactyls,  whose  wings  are  accurately  known  from 
their  impressions  in  the  fine-grained  lithographic  stone  of  Solenhofen, 
this  spetties  doubtless  had  n  membranoas  wing  something  like  that  of 
a  bat.  Art  for  the  body,  being  that  of  a  reptile,  it  must  have  been 
naked  and  possibly  covered  with  small  s<ales  like  those  on  the  body  of 
an  iguana,  .'^>  that  on  a  small  picture  the  skin  woukl  appear  quite 
smooth.  While  the  body  was  small  in  comparison  with  the  extent  of 
wing,  tlii'  head,  whiih  was  principally  lieak,  was  vcfv  nearly  4  feel 
long,  extending  backward  to  form  a  largo  but  thin  crest.  This  has  a 
direct  relation  to  the  enormous  length  of  the  l>eak,  since  it  furnished 
u  point  of  attachment  for  muscles  whose  pull  amnterbalanced  the  lever- 
age of  the  front  ]>art  of  the  head.  The  beak  was  dagger-like,  being 
very  narrow,  pointed,  and  quite  toothless.  Whether  this  beak  was 
covered  with  a  thin,  hard  skin,  like  the  epidermis  on  the  head  of  a 
ciiK'odiie,  or  with  horn,  like  the  bill  of  a  bird,  is  not  positively  deter- 
mined, but  the  weight  of  evidence  is  in  favor  of  the  former,  since  none 
of  the  pterodactyls  yet  found  show  any  ti-aces  of  a  horny  hill.  In  the 
jKHuliar  shape  of  the  lower,  buck  portion  of  the  beak  then^  is  a  sug- 
gestion of  the  former  presence  of  a  small  pouch,  like  that  found  in 
cormorants,  and  this  would  be  in  accord  with  the  supposed  tish-eating 
luibits  of  OnuthiMoiiia.  Likeother  animals  with  long,  narrow  wings, 
(>rnitfu)Ht&ma  doubtless  sailed  somewhat  after  the  manner  of  the  alba- 
tross. This  is  inferred  not  only  from  the  size  and  shape  of  the  wing, 
but  from  the  comparatively  small  size  of  the  breastbone,  to  which 
were  attached  the  muscles  used  in  flight.  Bh-ds  which  fly  by  strokes 
of  their  pinions  have  the  bi-eastbone  deeply  keeled  to  furnish  room  for 
the  attachment  of  the  wing  muscles,  and  the  size  of  this  keel  is  in 
direct  relation  to  the  rapidity  of  the  wing  strokes,  reaching  its  maxi- 
mum in  the  humming  birds,  in  which  the  wings  are  vibrated  so  lapidly 
as  to  be  invisible.     Birds  which  sail  have  the  breast  muscles  much 
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reduced,  and  the  extreme  of  reduction  ia  found  in  the  frigate  bird, 
which,  nitb  a  xpread  of  wing  of  6  feet  4  inches,  has  a  muscular  area 
of  only  3.50  square  inches." 

There  u  another  point  in  the  anatomy  of   Omithmtoma  besides 
length  of  pinion  that  lends  strength  to  the  supixmition  that  it  mailed, 
and  this  is  found  in  the  structure  of  the  fore  limb.     It  was  pointed  out 
by  Mr,  Huffaker  that  in  npite  of  the  deficiency  of  muscle  shown    by 
soaring  birds  the  support  of  the  wing  wa.-j  very  strongly  built;  thus  the 
frigate  bird  with  its  small  breastbone  has  the  'bones  of  the  shoulder 
joint  iinnly  united  with  one  another  and  with  the  breastbone.     In  the 
albatroBs  strength  is  gained  hy  shortening  and  widening  the  bone  to 
which  the  wing  is  directly  fastened  and  giving  it  a  broad  base   for 
attachment   to  the  breastbone.     In  the  great   pterod^tyls  stren^b 
was  obtained  by  bracing  the  shoulder  blade  against  the  backl)one,  in  the 
manner  shown  in  the  diagram;  thuH  the 
body,  so  to  speak,  was  slung  from   the 
wings.     In  addition,  three  sections  of 
the  backbone  were  united  in  one  piece 
in  order  to  give  a  firm  point  of  attach- 
ment, the  whole  arrangement  curiouHly 
suggesting  the  fore  leg  of  a  turtle. 

In  spite  of  its  grwit  extent  of  winjy, 
Omithiixtoma  was  not  ii  hca\y  animal, 
possibly  not  so  heavy  as  the  tnimpeter 

^^^ '  swan,  for  the  body  was  small  and  the 

u.w  (iio  wing  .i(  (>™(M.«(<.ii.«  1^.11].  bones  reached  the  extreme  of  lightness. 
Ijeing  far  lighter  than  in  any  bird.  This 
may  1)(;  appreciated  by  <)uoting  Professor  Williston's  remark  that  the 
lM>ncs  were  almost  papery  in  their  character,  one  of  the  finger  bonej* 
•l(>  inches  long  and  2  im-hes  in  diameter  being  no  thicker  than  a  cylin- 
der of  blotting  paper.  The  same  authority,  basing  his  estimate  on  tnis 
extreme  lightness  of  structure  and  the  small  size  of  the  body,  places 
the  weight  of  one  of  these  pterodactyls  at  only  -25  pounds,  and  with 
this  weight  and  its  great  spread  of  wings  the  creature  must  have  flown 
as  lightly  as  a  butterfly.  Even  if  we  increase  the  estimated  weight  by 
20  per  cent,  we  have  a  creature  weighing  but  3(i  pounds,  so  that  the 
l)ody  was  even  more  lin  appendage  to  the  wings  than  in  the  frigate 
bii-d,  and  sccnis  to  have  Iwen  just  heavy  enough  to  t-ountcr]>alancc  the 
weight  of  head  and  neck  and  insure  equilibrium. 

■This  J!iHlate<I  with  wmif  liitiilancy,  aa  iu>HU;rnum  iif  alai^ttalliatrotH  isa\tiiliilile, 
anil  it  may  be  that,  all  thiniw  pi>n(<iiiered.  tlii'  BJbatnwa  liaM  Hie  Iwist  ainoiiiit  of  winR 
iiitimrle.     The  ratio  <it  wing  iiiuwit'  lo  wing  Ih  miialWr  in  the  turkey  Inizzanl  tlian  in 

llii' triple  bini,l«'iii>r,  rei-iiii-tively,  1:12.5  and  1:114,  thin  owing  to  the  much  hroaiter 
wiiiK  of  tin;  hii/zanl.  (In  tlu'  other  hand,  tlieftixat  humming  l)iril  {PtUagwia  yij/<i*) 
hawaratioof  iniiw;U't..wiii|!ar«i.)f  l:2:i,  an.i  a  email  Hpet-iea  a  raUo  of  but  l:li.39. 
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An  /V/7i(VA'«rf'w«(i  waN  Capable  of  long  sLLstained  flight,  and  on  its  lionea 
are  found  under  foiidition-sindk-ating  that  it  wi-nt  fitrouttosi>a,  it  is  not 
improbable  that  it  fed  largely  or  entiiviy  on  Ksli.  That  lh»'_v  formed  a 
part  of  itj<  diet  is  cortain,  for  tish  IwiieH  and  scales  are  foiiiid  with  the 
remains  of  pt«'rodaetyls.  and  it  is  easy  to  imagine  this  great  i-eptile 
gliding  over  the  sea,  with  outspri^id  wings,  snatehiiig  up  tish  right  ami 
left  with  its  long  ))eak  as  easily  as  a  nuiseutu  assistant  pieks  them  out 
of  a  jar  of  alcohol  with  a  pair  of  fon'ejxs.  The  bird  in  the  foreground 
is  ivprettented  in  our  illut^tration  as  just  turning  to  its  rigbt,  the  loft 
wing  l)eing  advnnee<l  and  mised  to  oause  the  turn. 

With  it"  small  l)ody  and  enomious  wings  Oni'thiiiUnim  may  l>e 
looked  upon  as  the  king  of  flying  ei-eatures,  and  as  more  highly  sjie- 
eialized  than  any  flying  aninml  befoi'e  or  Him-e  his  time. 

Finally,  it  is  an  interesting  question  its  tc)  whether  or  not  the  eon 
dor.  the  albatross,  and  the  ptei-odm-tyl  mark  the  limit  of  size  attain- 
able by  flying  ei-eatures-  are  the  mechanical  difficulties  in  the  way  of 
using  wings  .so  great  that  evolution  stops  at  a  weight  of  SO  jjounds  and 
B  spread  of  wing  of  2ii  feet;  Would  animals  alM)ve  that  size  have 
trouble  in  manipulating  their  wings  and  Ixt  unable  to  eomix'te  with 
smaller  and  mot^>  active  forms,  or  is  it  that  the  exigencies  of  life  have 
never  called  for  the  development  of  a  larger  creature; 

These  are  queries  that  may  not  l>e  settled  olfhand,  and  it  may  only 
Ih-  isaid  that  the  vast  majority  of  birds  are  small  and  agile,  and  that, 
although  birds  and  pteixxiactyls  tiew  side  by  side  over  the  ('retjiceous 
seas  and  shores,  the  binls  never  reached  the  size  of  their  reptilian 
a-!sociatea,  and,  so  far  an  we  know,  these  mark  the  limit  of  size  among 
living  animals. 


Digitized  bvCoOgIC 


„Googlc 


„Googlc 


SMITHSONIAN    REPORT,    1901,   JOHNSTON 


THE   OKAPI. 
(OKAP1A  JOHNSTONI) 


Digitized  bvCoOgIC 


THE  OKAPI;  THE  NEWLY  DISCOVERED  BEAST  LIVING 
IN  CENTRAL  AFRICA." 


By  Sir  Harry  H.  Johnston,  K.  C.  B,, 

S/ierinl  Omtmifgioner  for  Uganda,  Sriluh  EaM  Afrira;  IhediMoierToftheOkajii. 


The  author  of  thia  article  remembei's  having  cncounterod  in  his 
childhood— say,  in  the  later,  sixties — a  book  iilKnit  strangp  Iteast^  in 
Central  Africa  which  was  said  to  l>e  based  on  information  derived 
from  early  Duteh  and  Portuguese  works.  The  publication  of  this 
book  was  more  or  less  incited  at  the  time  hy  Du  ChailUi's  discoveries 
of  the  gorilla  and  other  strange  creatures  on  the  west  coast  of  Africa, 
and  its  purport  was  to  show  that  there  were  in  all  probability  other 
wonderful  things  yet  to  be  discovered  in  the  Central  African  forests. 
Among  the.se  suggested  wonders  was  a  retrurrence  of  the  myth  of  the 
unicorn.  Passages  from  the  works  of  th(^  aforesaid  Dutch  and  Portu- 
guese writers  were  quoted  to  show  that  a  strange,  hors<'-like  animal 
of  striking  markings  in  black  and  white  existed  in  the  very  depths  of 
these  equatorial  forests.  The  accounts  agreed  in  saying  that  the  body 
of  the  animal  was  horse-like,  but  details  as  to  its  horn  or  horns  were 
very  vague.  The  compiler  of  this  l>ook,  however,  believed  that  tliese 
stories  pointed  to  the  exist«nc«  of  a  horned  hor.se,  in  Central  Africa. 

Somehow  these  stories—  which  ma}'  have  had  a  slight  substnitum  of 
truth — lingered  in  the  writer's  memory,  and  were  revived  at  the  time 
Stanley  published  his  account  of  the  Emin  Pasha  expedition,  In  Darkest 
Africa.  A  note  in  the  appendix  of  this  l>ook  staUts  that  the  Kongo 
dwarfs  knew  an  animal  of  a^^-like  appearance  which  existed  in  their 
forests,  and  which  they  caught  in  pitfalls.  The  occurrence  of  any- 
thing like  a  horse  or  ass — animals  so  partial  to  treeless,  grassy  plains — 
in  the  depths  of  the  mightiest  forest  of  the  world  seemed  to  me  so 
strange  that  1  determined  to  make  further  inquiries  on  the  subject 
whenever  fate  should  lead  nie  in  the  dire<ition  of  the  great  Kongo 
forest.  Fate  was  \ery  kind  to  me  in  the  matter.  In  the  iirst  place, 
soon  after  I  arrived  in  Uganda,  1  was  obliged  to  intervene  to  prevent 
a  too-enterprising  Gennan  carrying  off  by  force  a  troop  of  Kongo 

* Reprintetl,  by  penniaeioD,  from  Mi^Jlure'a  Magaune,  September,  IMII,  page^' 
497-501. 
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dwarfs  lo  porfoi'iit  at  tbe  P&ris  Exhibition.  These  little  men  had  been 
kidnapfd  on  Koii^i  Free  State  territon'.  The  Belgiun  authorities 
very  properly  Dl>j<'etod,  and  an  the  (leiinari  iiiipressario  had  fled  with 
hi«  dwiirfs  to  British  territory,  they  asked  me  to  rewue  the  little  men 
from  hi.H  chitchoM  and  .send  them  Imck  to  their  homey.  This  I  did,  and 
in  so  d()iiig,  and  in  leading  them  Yvack  to  the  forestw  where  they  dwelt, 
I  obtained  mui'h  information  fnini  them  on  the  suhjet^'t  of  tbe  horse- 
like  animal  which  they  oalled  the  "okapi."'  They  dest^riljed  this 
creature  an  being  like  a  zebra,  but  having  the  upper  part  of  its  body 
a  dark  brown.     The  feet,  however,  they  said,  had  more  than  one  hoof. 

When  I  reaebed  lielgian  territory,  on  the  weat  side  of  the  Semliki 
River,  I  renewed  my  inquiries.     The  Belgian  officers  at  once  said  they 
knew  the  okapi  perfectly  well,  having  frequently  seen  its  dead   body 
hi-ought  in  by  natives  for  eating.     They  informed  me  that  the  natives 
were  very  fond  of  wearing  the  more  gaudy  portions  of  its  skin;  and 
calling  forward  several  of  their  native  militia,  they  made  the  men  show 
mc  all  the  bandoliers,  waist  l>elts,  and  other  parts  of  their  equipment 
made  out  of  the  striped  skin  of  the  okapi.     They  described  the  animal 
as  a  ercature  of  the  horse  tiibe,  but  with  lai^e,  ass-like  ears,  a  slendei" 
muzzle,  and  more  than  one  hoof.     For  a  time  1  thought  I  was  on  the 
traek  of  the  three-toed  horse,  the  hipparion.     Provided  with  guides, 
1  entered  the  awful  depths  of  the  Kongo  forest  with  my  expedition, 
accompanied  also  by  Mr.  Doggett,  the  naturalist  attaiched  to  ray  staff. 
For  several  days  we  searched  for  the  okapi,  but  in  vain.     We  were 
shown  its  supposed  tracks  by  the  natives,  but  aa  these  were  footprints 
of  a  cloven-hoofed  animal,  while  we  expected  to  see  the  spoor  of  a 
horse,  we  believed  the  natives  to  l>e  deceiving  us,  and  to  be  merely 
leading  us  aftt'r  some  forest  eland.     The  atmosphere  of  the  forest  was 
almost  unbretithable  with  its  Turkish-bath  heat,  its  reeking  moisture, 
and  its  powerful  smell  of  de<Tiyiiig.  rotting  vegetation.     We  seemed, 
in  fact,  to  be  transport^-d  liack  to  Miocene  times,  to  an  age  and  a  cli- 
mate scarcely  suitable  for  the  modern  type  of  real  humanity.     Severe 
attacks  of  fever  prostnitod  not  only  the  Europeans,  but  all  the  black 
men  of  the  (larty.  and  we  were  obliged  to  give  up  the  Me8r<-b  and  retum 
to  the  gnusM  lands  with  .such  fragments  of  the  skin  as  I  had  been  able 
to  purchase  from  the  natht's.     Seeing  my  disappointment,  the  Belgian 
officers  very  kindly  pnnuised  to  use  their  l)est  efforts  to  procure  me  a 
perfect  skin  of  the  okapi. 

Some  months  afterwards  the  pi-omise  was  kept  by  Mr.  Karl  Eriks- 

.  son,  a  Swedish  officer  in  the  ser^'ice  of  the  Kongo  Free  State,  who 

obtained  from  a  native  soldier  the  body  of  a  recently  killed  okapi. 

He  had  the  skin  removed  with  much  care,  and  sent  it  to  me  accom- 

'  Am  a  iiiatttT  ot  fai-i,  the  dwarfs  iironouni-wl  the  «or<l  "»'api,"  1ml  the  bijt  lilai-l: 
tril>eB  ot  the  fiinwt  iiilloil  the  crentiire  "  okapi," 
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panied  by  the  skull  of  the  dead  animal,  and  a  smaller  skull  which  he 
had  obtained  sepanitely.  The  skin  and  skulls  were  forwarded  to  Lon- 
don, where  they  arrivedaftereonsidei-abledelay.  The  British  Museum 
intrusted  the  setting  up  of  the  okapi  to  Mr,  Rowland  Wanl.  of  Picca- 
dilly, and  from  the  mounted  skin  and  other  data  I  have  made  the 
drawings  which  illustrate  this  arti<'le.  I  also  give  a  photograph,  taken 
hy  myself,  of  a  bit  of  forest  where  the  okapi  was  found,  iiefore 
sending  this  skin  to  Europe,  and  while  it  still  retained  some  indica- 
tions of  the  shape  of  the  animal,  I  made  the  colored  drawing  which 
appeara  an  the  frontispiece  to  this  issue  of  MeClure's  Magazine,  and 
which  will  also  be  given  in  the  Proceedings  of  the  London  Zoological 
Society.  This  colored  drawing  differs  in  some  particulars  from  the 
appearance  of  the  okapi  as  set  up  by  Mr.  Rowland  Ward,  and  &a  rep- 
resented in  the  illustrations  of  the  present  article.  Until  the  okapi  has 
been  photographed  alive  or  dead,  and  its  exact  shape  in  the  flesh  is 
thus  known,  it  is  difficult  to  say  which  of  my  two  drawings  is  the  more 
correct.  In  the  first  illustration,  which  appears  as  the  frontispiece,  I 
have  given  the  creature  a  more  hoi-se-like  build,  lu  the  skett^h  which 
accompanies  thi.s  article,  and  which  is  in  the  main  drawn  from  Mr. 
Rowland  Ward's  building  up  of  the  animal  from  the  flat  skin,  the  shape 
of  the  tHMiv  inclines  a  little  moi-e  to  the  giraffe,  the  okapi's  neitrest 
ally. 

The  size  of  the  ukapi  is  that  of  a  large  stag.  It  stands  I'elatively 
higher  in  the  legs  than  any  member  of  the  ox  trilio,  otherwise  I  .should 
compare  its  size  to  that  of  an  ox.  Like  the  giraffe,  this  creature  has 
only  two  hoofs,  and  no  remains  whatever  of  the  otlier  digits,  which 
are  represented  in  the  deer,  oxen,  and  in  most  antelopes  liy  the  two 
little  "false  hoofs"  on  either  side  of  the  thiitl  and  fourth  toes. 

The  coloi-ation  of  the  okapi  is  quite  extraordinary.  The  cheeks  and 
jaws  are  yellowish  white,  contrasting  abruptly  with  the  dark-colored 
neck.  The  forehead  i-s  a  deep  red  chestnut;  the  large,  broad  ears  are 
of  the  same  tint,  fringed,  however,  with  jet  black.  The  forehead 
ranges  Ix^tween  vinous  red  and  black  in  tint,  and  a  black  line  follows 
the  bridge  of  the  nose  down  to  the  nostrils.  The  muzzle  Is  sepia  col- 
ored, but  there  is  a  faint  rim  or  mustache  of  reddish-yellow  hair  round 
the  upper  lip.  The  neck,  shoulders,  barrel,  and  back  range  in  tone 
from  sepia  and  jet  black  to  rich  vinous  red.  Tne  belly  is  blackish, 
except  just  under  the  knees.  The  tail  is  bright  chestnut  red,  with  a 
Mnall  black  tuft.  The  hind  quarters,  hind  and  fore  legs  are  either 
snowy  white  or  pale  cream  color,  touched  here  and  there  with  orange. 
They  are  (wldly  marked,  however,  with  pui-ple-black  stripes  and 
splodges,  which  give  that  zebra-like  appearance  to  the  limbs  of  the 
okapi  that  caused  the  tirst  imperfect  account  of  it  to  indicate  the  dis- 
covery of  a  new  striped  horse.     The  soft  parts  of  the  animal  lieing 


Digitized  bvCoOgIC 


664  THE  OKAPI  OF   CKNTRAL  AFRICA. 

an  yet  unknown,  it  can  not  be  titated  positively  that  the  okapi  pos- 
sesses a  prehensile  tongue  like  the  giraffe,  but  the  lonjf  and  flpxibjp 
lips  would  faeem  to  atone  for  the  very  weak  fi^ont  teeth.  It  it^  prob- 
ably by  the  lips  and  tongue  that  the  ci-eature  gathers  the  leaves  on 
which  it  feeds,  for  according  to  the  accounts  of  the  natives  it  livcri 
entirely  on  foliage  tind  small  twigs.  Like  all  living  ruminants  (exce^tt 
the  cauiel),  it  has  no  front  teeth  in  the  upper  jaw.  Tho  molars  are 
very  like  those  of  the  gimffe. 

My  first  examination  of  the  skull  and  skin  of  the  okapi   caused  me 
to  name  it  tentatively  "Helladotherium."    The  helladotheriuni  waa  a 
gii^ffe-like  animal  that  existed  in  the  Tertiary  epoch  in  (Jreece,  Asia 
Minor,  and  India.     In  India  the  helladotherium  attained  a  very  great 
size,  but  the  Greek  specimens  were  not  quit*'  as  large  as  the   modern 
giraffe.     The  helladotherium  wa^  hornless,   like   the  okapi,    and   in 
another  point  it  resembled  this  annual,  because  the  neck  wats    not  dis- 
proportionately long,  and  the  fore  and  hind  lim)>s  were  nearly  eqiial 
in  length.     The  okapi  l>ears  on  its  .skull  remains  of  three  born  core^. 
once  no  doubt  as  pi-ominent  ns  those  in  the  existing  giraffes.     The 
process  of  degenerutioii.  however,  has  set  in,  and  in  the  living  okapi 
the  horn  cores  have  iH'en  worn  down  to  two  small  knobi  on  the  fore- 
head, covered  outwardly  with  little  twists  of  hair,  and  one   less  <«n- 
spicuous  knob  or  lnuup  jurit  between  the  eyes.     Though   the   okapi 
hears  eeilain  suiwi-ficial  i-e.sem blances  to  the  helladotherium.  it  is  prol>- 
able,  on  the  whole,  that  it  coines  nearest  in  relationship  to  the  gii-affe. 
Being,  howdver,  sufficiently  different  fmm  Iwth.  it  has  been  constituted 
by  Prof.  Ray  I^nke.stci'  a  seimmte  f^enus.  to  wliicli  he  has  given  the 
name  Oatpla. 

So  far  as  is  yet  known,  the  existing  range  of  the  okapi  is  eontined 
to  the  northern  jwrt  of  the  Kongo  forest,  near  the  Seniliki  Kiver. 
The  okapi  is  found  in  the  little  territory  of  Mboga,  which  is  an  out- 
lying portion  of  the  Uganda  Protectorate.  It  is  also  found  in  the 
adjoining  territory  of  the  Kongo  Fi'ce  State.  This  same  forest.  I 
believe,  conceals  other  wonder^  In'sides  the  okapi.  not  yet  brought  to 
light,  including  enormous  gorilla^.  1  have  seen  photogi-aphs  of  these 
huge  apes,  taken  from  dead  animal^'  which  have  been  killed  by  the 
natives  and  brought  in  to  the  Belgians.  \  careful  search  might 
reveal  several  other  strange  additions  to  the  world's  manunalian 
fauna. 

Quite  recently  fossil  remains  of  gii-afle-like  animals  have  been  found 
in  Lower  Egypt,  as  well  as  in  Arabia,  India,  Greece,  Asia  Minor,  and 
southern  Europe.  It  is  possible  that  the  okapi  and  the  giraffe  are  the 
last  twosurviving  forms  of  this  gi-oup  in  tiopical  Africa.  The  gimffe 
has  escaped  extermination  at  the  hands  of  carnivorous  animals  by  its  de- 
velopment of  enonuous  size  and  by  its  wary  habits.    The  giraffe,  unlike 
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the  ukapi.  prefers  relatively  open  countrj-,  dotted  with  the  low  acacia 
treei^  on  whieh  it  feeds.  Towering  up  above  these  trees,  the  giraffe 
with  its  large  eyes  can  from  20  feet  above  the  ground  scan  the  sur- 
rounding country  and  detect  the  approach  of  a  troop  of  lions,  the  only 
rreature  besides  man  which  t^n  do  it  any  harm.  Man.  of  course— the 
British  and  Boer  sportsmen  well  in  advance  of  the  others-  -is  doing 
his  level  best  to  exterminate  the  giraffe,  as  he  has  exterminated  the 
niammoth,  the  I'r  ox,  the  quagga,  the  dodo,  and  the  auk.  But  for 
the  presence  of  man,  the  giraffe  might  have  l>een  one  of  the  lords  of 
the  earth.  The  defenseless  okapi,  however,  only  survived  Uy  Hiinking 
into  the  densest  parts  of  the  Kongo  forest,  where  the  lion  never  pene- 
trates, and  when'  the  leopard  takes  to  a  tree  life  and  lives  on  monkeys. 
The  only  human  enemies  of  the  okapi  hitherto  have  been  the  Kongo 
dwarfs  and  a  few  t)lack  negnies  of  the  larger  types  who  dwell  on  the 
fringe  of  the  Kongo  forest.  How  much  longer  the  okapi  will  survive 
now  that  the  natives  possess  guns  and  collectors  are  (m  the  search  for 
this  extraordinary  animal,  it  is  impossible  to  say.  It  is  t<»  be  hoped 
very  earnestly  that  both  the  British  and  Belgian  Governments  will 
combine  to  save  the  okapi  from  extinction. 

The  group  of  ruminants  to  which  the  (hapta  lielongs  includes  at  the 
piesent  day  the  giraffe  and  iKwsibly  the  prongbuck  of  North  America. 
Far  back  in  the  histoiT  of  the  Artiodactyla,'  when  in  a  section  of 
them  horns  bet^ame  the  domitiant  characteristic,  theMc  appendages  were 
developed  mainly  in  two  different  fashions.  The  deer  tribe  grew  Iwny 
ap|H'nda^es  which  started  from  knobs  on  the  frontal  Iwnes,  and  these 
iipjwndag«'s  fell  off  and  were  renewed  every  twelve  months.  When 
the  horns  of  the  stag  fall,  they  leave  only  a  bony  knob,  which  rises 
very  little  above  the  level  of  the  skull.  The  BortW^,  or  oxen-anto- 
lope  group,  developed  first  long  l)ony  prominences  which  went  on 
growing  year  by  year  up  to  the  age  of  full  niuturity.  These  lK>ny 
prominences  came  in  time  to  \h^  cased  by  horny  coverings,  and  thus 
ne  have  the  hollow-honicd  nimtnunts;  for  when  these  horny  coverings 
are  removed  fnnn  the  long  Ixniy  s<»cket  they  arc  found  to  Ik-  hollow; 
they  ai'e  not  solid  liony  antlers  growing  from  the  top  of  a  horn  core. 
Hut  midway  [wtween  these  two  main  gi-oups  there  is  a  third,  of  which 
the  giraffe  and  the  prongbuck  are  two  divergent  specimens.  Here  was 
un  intermediate  stage  lietween  the  deer  and  the  oxen.  B<tny  promi- 
nences, like  those  of  the  /i/nu'(l^.  but  not  no  long,  grew  out  from  the 
skull  and  were  covered  with  hair.  From  the  top  of  these  prominences 
(us  in  the  ciise  of  the  prongbuck,  the  extinct  Sivatherium.  and  prolmbly 

'Mcjr't  iif  llie  rvatltTH  <if  Mi't'liire'i'  Moinizine  aivawarv  that  the  Arti<"iactytu  are  a 
MiUmltT  "f  utiBiilak'n  iri  «lii.'li  tlii'  iiii'liDe  Uiva  are  equally  iii'vi'l(i|ii'.l.  This  Kroup 
itii'liKlfs  the  hippu|M>tauius,  the  l»^,  cauielH,  deer,  gimfka,  uxen,  eh«ep,  );(mtij,  and 
auWiopes, 
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ill  tbo  ant-estors  of  the  giraffe)  grow  antlers  or  hornn  which  ■were  shed 
from  time  to  time,  a8  in  tlie  deer.  Thii^  ia  thu  case  with  the  modern 
prongbuck,  and  in  ail  probability  this  was  the  case  with  the  ancestors 
of  the  giraffe  and  otlier  early  memborsof  the  giraffine  family.  To-day 
the  gii-affe  only  retains  the  long  horn  cores  or  sockets,  from  the  end  of 
which  in  all  probability  antlers  once  sprang.  In  the  case  of  the  okapi, 
as  already  remarked,  theHe  Ikhiv  pi-oniinemws  Imve  gradually  dwindled 
to  scarcely  dis<!ernible  bumpH.  In  other  respects,  however,  the  new 
beast  of  Central  Africa  represents  pretty  nearly  the  primitive  tjpe 
from  which  the  giraffe  rosv  in  exaggerated  development  of  neck  and 
limbs. 
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The  Termitidw,  commonly  known  aa  "white  ant*,"  are  in»ect»  feed- 
ing on  wood  Hnd  dead  vegetable  matter,  living  Hocially  in  colonies 
of  t^terile  and  fertile  iiKlividuak,  which  grow  very  alowly  and  have  no 
piijja  Htage.  Antenna*  situated  in  a  shallow  fossa  at  the  side  of  the 
head  just  aimve  the  base  of  the  mandibles.  Mandibles  powerful, 
except  in  the  soldiers  of  some  species.  Maxillte  with  double  chitinous 
hooks  and  long  5-segmeiited  paipi.  Head  hinged  t4>  the  prothomx  by 
means  of  a  pair  of  lateral  wrvical  s<'lerites.  Tarsi  of  -i  segments,  the 
distal  as  long  as  the  three  proximal  together.  Pronotum,  mesonotum. 
and  metiinotum  distinct.  AI>domenof  HI  segmentj^;  the  ventral  plate 
of  the  basal  segment  absent;  that  of  the  apical  segment  divided,  and 
bearing  at  the  lateral  ends  a  jmir  of  short  cerci;  that  of  the  Hth  seg- 
ment in  the  larva,  and  often  in  the  adult,  with  a  pair  of  small  jHipilla; 
near  the  center  of  its  p«)sterior  Iwrder. 

Males  with  a  pair  of  comixmnd  eyes  placed  just  alwve  the  antennal 
fossip,  ijnd  for  the  most  part  a  pair  of  ocelli  situated  near  their  inner 
lH>rders,  Frequently  there  is  a  median  fenestra.  When  yonng  there 
an;  two  pairs  of  large,  membranous,  nearly  equal  wings,  which  in 
i*st  are  superposed  and  project  far  l)ey<)nd  the  apex  of  the  alKlomen. 
These  wings  are  used  in  flying  fnnu  the  nest,  and  then  shed  acnws  a 
traaxverse  Iwsal  line,  leaving  subtriangular  wing  stumps.  The  vas 
deferens  opens  behind  the  ventral  plate  of  the  9th  abdominal  segment. 
The  males  live  pennanently  along  with  the  females,  but  there  are  no 
copula tory  organs. 

Females  when  young  closely  resemble  the  males.  The  ventral 
plates  of  the  Hth  and  !^th  abdominal  segments  are  divided,  and  the 
halves  are  smail  and  separated.  When  the  female  becomes  the  mother 
of  a  colony  her  abdomen  eidarges  by  dilatation  of  the  cuticle  between 
the  chitinous  plates,  and  sometimes  there  is  secondary  chitinization 
extending  forward  from  the  anterior  bordei's  of  the  plates. 

The  soldiers  are  sterile,  wingless,  and  for  the  ma^it  part  blind. 
Thpir  head  is  chitinous  and  strong,  peculiarly  and  variously  modified 
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for  defense.  The  rjeg^ente  of  the  antennfe  are  more  elongate-thaD  id 
the  males  aud  females,  and  fewer,  generally  in  the  proportion  of 
8  to  9.  Themandiblesarevery  various  in  the  different  species,  but  verj' 
characteristic  of  each  species,  and  quite  different  from  those  in  the 
males  and  workers.  The  gula  is  large  and  firmly  united  to  tbe  bead, 
generally  for  the  greater  portion  of  its  length.  The  cervical  scleritc* 
are  larger  than  in  Che  males  and  workers.  The  thorax  and  atxlomen 
are  generally  but  little  chitinized.  The  latter  is  generally  nion? 
quadrate  than  in  the  workers.  Some  individuals  have  rudiments  of 
ovaries,  and  some  of  testes;  but  the  ventral  plates  of  the  8th  and  9Cb 
altdominal  segments  are  always  entire. 

The  workers  are  wingless  and  for  the  moat  part  blind;  they  are  but 
little  chitinized,  and  larval  in  appearance.  The  head  is  round,  tbe  ao- 
tennie  are  shorter  than  in  either  male  or  soldier,  and  the  number  of 
segments  intermediate.  The  mandibles  are  short  and  powerful  and 
covered  by  the  obtuse  labrum.  In  species  which  nest  in  the  wood  on 
which  they  live  the  form  is  cylindrical,  and  the  legs  shorter  than  the 
abdomen  In  species  which  wander  much  in  search  of  food  the  (Jioms 
is  considerably  narrowed,  and  the  legs  longer  than  tlie  abdomen. 

Termites  inhabit  all  the  warm  regions  of  the  earth  in  countless  num- 
bers. They  are  unable  to  withstand  a  prolonged  winter's  frost.  Their 
greatest  enemie^i  are  antft.  Their  chief  means  of  defense  is  their  power 
of  burrowing  and  building. 

CLASSIFICATION. 

In  the  matter  of  genera  I  have  followed  H^en.  His  genera  admit 
of  distinctions  common  to  every  chaste.  The  genus  Tenne*i  contains 
numerous  species  of  very  diverse  forms  and  habits,  yet  it  can  not  be 
subdivided  by  characters  common  to  every  caste.     •     •     • 

The  genus  TeniifS  is  so  large  that  Hagen,  who  tried  to  make  several 
genera  of  it,  failed  owing  to  the  incompleteness  of  his  material-  J 
also  have  failed,  and  think  that  in  the  interests  of  naturalists  the 
attempt  should  be  postponed.  The  genus  does,  however,  present  nat- 
ural groups  and  these  I  have  attempted  to  define,  but  more  material 
and  fuilher  examination  will  alter  the  definitions  and  limits  1  havf 
given.  The  groups  can  seldom  l>e  distinguished  by  characters  commcn 
to  every  caste,  nor  are  tbe  limits  of  the  groups  the  same  if  we  rely  o" 
the  soldiers  as  if  we  rely  on  the  males. 

The  largest  forms  of  the  geims  are  fungus  groweps.  There  is  an 
American  group  of  large  termites,  represented  by  T.  dims,  which  are 
almost  certainly  fungus  growei-s;  tbe  soldiers  have  a  pair  of  lalenJ 
horizontal  spines  on  thepronotum.  There  arc  throeOld  World  groups 
of  fungus  growers.  The  most  important  is  represented  by  T.  hdli- 
coKus;  it  builds  tall  mounds;  tbe  imago  and  soldiers  are  of  large  si^''' 
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and  the  latter  have  a  transparant  tip  to  the  labrum  and  a  toothless 
mai-gtii  to  the  mandibles.  The  second  is  leprpspnted  l)y  T.  vt/lt/arM; 
it  builtls  insignificantly  small  mounds  or  none  at  all;  the  imago  is  large, 
but  the  soldiers  are  of  moderato  size,  have  a  few  bristles  at  the  tip 
of  the  labrum  and  a  minute  tooth  at  the  middle  of  the  cutting  margin 
of  each  mandible,  or  at  any  rate  of  the  left  one.  The  last  gronp,  repre- 
sented by  T.  hicertiiSy  has  individualsof  mo<ienite  size  and  quite  differ- 
ent habit  from  those  of  the  previous  groups. 

A  remarkable  group,  in  which  the  soldiers  have  a  very  large  foramen 
in  front  of  the  head,  from  which  when  angry  they  can  discharge  a 
copious  vistrid  milky  fluid,  has  been  given  the  subgeneric  name  Copfo- 
temfK  by  Herr  Wusmann.  The  group  is  qqjte  worthy  of  generic 
rank. 

Another  remarkable  group,  in  which  the  soldiers  have  a  minute 
foramen  in  front  of  the  head  and  a  long  labrum  reaching  to  the  tips 
of  the  strongly  toothed  mandibles,  was  given  the  subgeneric  name 
Rhlnotefiiief  by  Dr.  Hagen.  This  group  also  is  worthy  of  generic 
rank.     •     •     • 

Those  groups,  the  fungus-growers,  VopUiteTmo*  and  Rhinotei^neit, 
have  soldiers  with  pronotum  more  or  less  flat,  and  antcnnie  of  usually 
more  than  14  segments,  and  abdominal  papillee  usually  easily  visible. 
They  have  imagos  in  which  the  wings  show  the  median  nerve  midway 
between  the  submedian  and  suUostal.  The  remaining  groups,  con- 
taining much  the  lai-ger  number  of  the  species,  have  imagos,  in  which 
the  wings  show  the  median  nerve  umcb  nearer  the  submedian  than  the 
subcostal,  and  soldiers  whose  antennie  have  seldom  more  than  14  seg- 
ments. It  is  to  these  that  Dr.  Hagen  gave  the  subgeneric  name 
hMtei-me.'t;  they  comprise  numerous  groujw,  with  difficulty  recognized 
by  the  imagos.  but  readily  recognized  by  the  soldiers.  The  EiUerme 
had  been  previously  applied  by  Heer  to  some  fo.ssil  forms  of  the  genus 
Tfi-Di'v,  known  only  from  the  imago,  and  in  one  ca>e  only  from  the 
wings.  The  name  was  limited  by  Dr.  Fritz  Mfillcrto  a  much  .smaller 
giouj),  that  in  which  the  soldiers  have  rudimentary  mandibles  and  a 
I'lng,  conical  rostrum.  He  raised  this  group  to  generic  rank.  It  is  a 
natural  group,  worthy  of  generic  rank,  if  indeed  it  be  not  worthy  of 
forming  sevei-al  genera,  but  it  was  not  in  this  sense  that  Heer  or  Hagen 
used  the  name  EufLTme»t.     •     •     • 

The  species  of  the  genus  Twwitwscem  in  some  cases  to  be  very  distinct 
and  readily  distinguishable,  and  in  other  cases  to  pass  indistinguish- 
ably  into  one  another.  In  the  groups  in  which  the  sjxtcies  arc  not  easily 
distinguishable,  I  have  not  attempted  to  outdo  nature  in  distinctness; 
indeed,  in  this  respect  I  am  conscious  of  shortcomings.  In  every  case 
I  trust  that  more  reliance  will  be  placed  on  my  specimens  than  on  my 
descriptions. 
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CHARACTERS. 


The  enormous  number  of  inilividuals  in  a  neiit.  all  of  wlioin  may  he 
i-onsidered  as  the  cliildren  of  the  same  parents,  pi*ov'ides  niHterial  for 
the  study  of  normal  variation  and  of  lipecitic  limits  scarcely  to  be  niel 
with  elsewhere.  The  great  difference  of  character  in  the  different 
ea«t«s  also  introduces  new  eonditionn  in  the  classificatioti  of  specie.-^, 
and  in  the  study  of  heredity,  not  often  to  be  met  with. 

In  the  genus  Terme"  the  soldier  is  hy  fsr  the  best  caste  to  determine 
species  from;  not  only  is  the  soldier  easier  to  determine   than  the 
male,  but  it  is  found  in  almost  every  nest,  and  usually  wherever  the 
workers  go.    Though  the  imago  was  the  caste  on  which  llag^ii  founded 
most  of  his  si>ecies,  though  it  is  the  form  found   fossil    in   amber, 
though  it  is  the  form  caught  flying  round  a  lamp  at   night,  yet  it  U 
generally  absent  from  the  nests,  and  is  often  insufficient  for  the  deter- 
mination of  sjKioies.     I  have  not  found  the  chpracters  of  the  wings 
very  useful  or  reliable.     In  one  case  I  have  based  species  on  differ- 
ences in  the  imago,  though  I  could  see  no  difference  whatever  in  the 
soldier;  but  as  a  rule  my  species  arc  based  chiefly  on  apparent  differ- 
ences in  the  soldiei-s. 

There  are  two  external   characters,  which   are  con-elated   in  the 
soldiers  and  the  males  of  the  genus  Tefmes.     The  abdominal  papills 
show  a  corresponding  degree  of  development,  and  the   number  of 
segments  of  the  antcnnie  is  approximately  in  the  proportion  of  8  to  1^- 
The  chamcters  of  the  antennas  are  proliably  more  impoi-tant  than  anv 
othei-s  in  the  determination  of  the  sixtcies.     It  is  easy  enough  with  a 
little  care  to  determine  whether  the  apical  segments  are  present  or,  a* 
often  happens,  are  broken  off,  for  the  apical  .segment  is  of  a  differept 
shape  from  the  others.     Although  the  segments  of  the  anteimffi  are 
fewer  in  soldier  than  in  the  male,  they  are  generally  longer  and  more 
cylindrical,  -so  that  the  antenme  of  the  s<ildier3  are  often  as  lon^  as  or 
longer  than  those  of  the  imago.     The  antennie  of  the  workers,  on  the 
other  hand,  are  always  much  shortei',  yet  the  number  of  segnieat-' 
which  compose  them  is  never  less  than  in  the  soldier  and  never  mort 
than  in  the  male.     The  actual  length  of  the  antenme  in  the  genu?^ 
Tennes  seems  to  be  but  little  correlated  with  the  actual  number  of 
.segments  which   comjWMC  them,  whether  we  (rom[)are  the  ditfere"' 
species,  or  whether  we  compare  the  different  cartes.     Ijong  antennft' 
go  with  lung  legs,  and  this  is  true  whether  we  compare  caste  or  spe- 
cies.    Long  legs  and  long  antenme  go  with  nuich  walking  and  foraii;- 
ing;  and  this  is  true  when  we  look  to  differences  Iwtwccn  specie-i,  'ml 
not  when  we  look  to  differences  between  castes.     Soldiei-s  with  loiig> 
slender  legs  belong  to  species  which  forage  for  food  at  a  distance  from 
the  nest;  soldiers  with  short,  stout  legs  belong  to  species  sliijijfish  m 
their  movements,  and  which  venture  but  little  from  home. 
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Blindnesij  amung-st  the  soldiei-M  and  workers  is  more  universal  than 
it  is  ill  ants.  There  seems  no  reason  to  doubt  that  the  blindness  is 
connected  with  the  mode  of  life.  The  impossibility  of  attributing  the 
blindness  to  the  inherited  efTeets  of  disuse,  seeing  that  none  of  the 
parents*  in  any  of  the  s|H'cies  are  blind,  utterly  disci-edits  sui^h  an 
explanation  in  the  case  uf  other  blind  animals. 

In  all  the  ni^tes  the  abdomen  varies  greatly  in  si/c  and  apiMiai-ance, 
according  to  the  nature  of  the  contents. 

The  winged  imagos  have  an  unconquei'able  desire  to  leave  the  nest 
and  to  run  the  I'isk  of  dangers  from  which  not  one  in  man}'  thou.sands 
escapes.  By  this  means  it  is  that  interbreeding  and  di.stribution  are 
effected.  Dr.  Fritz  Miillev  aptly  compared  the  winged  individuals 
to  perfect  flowers,  and  the  ncoteinic  individuals  to  cleistogamic 
flowers.  The  comparison  may  be  carried  a  st((p  furthei'.  In  temper- 
ate climates  the  winged  forms  appear  in  early  summer.  In  equato- 
rial I'egions  they  appear  for  the  most  pirt  in  sinmltaneous  swarms  at 
favorable  seasons,  while  in  some  species  they  seem  to  be  constantly 
produced  in  small  numbers  the  whole  year  round.  The  problems  of 
when  to  swarm  and  how  many  imagos  to  produce  seem  to  Iw  solved 
in  nearly  the  same  ways  us  the  pTObienis  of  when  to  flower  and  how 
many  Bowel's  to  produce. 

They  fly  but  feebly,  allowing  tiiemselvcs  to  l>c  carried  liy  the  wind, 
and  could  scarcely  cross  inoic  than  a  mile  or  two  of  water. 

The  wingsare  soon  shed  across  atransver.se  hithul  line.  The  method 
of  breaking  off  the  wings  is  Ut  elevate  them.  This  will  l»e  found 
effective  in  dead  insects.  The  live  insect  uses  Its  legs  and  iilMlomcn  to 
elevate  its  wings,  or  in  other  c;i.ses  pu.shes  them  ag!»in-t  sonie  object; 
yet  in  some  ca.ses  the  live  insect  will  shed  all  four  wings  with  inexpli- 
cable rapidity.  Their  wings  not  only  pi-civent  their  burying  them- 
selves and  hiding,  but  on  a  perfectly  level  surface  are  ti  danger  to 
them,  for  birds  ai-e  seen  to  pick  up  those  with  wings  in  prefei-cnce  to 
those  without. 

At  the  time  of  swarming  the  males  and  females  of  the  genus  Termett 
pair,  the  male  following  the  female  and  often  clinging  to  heral>domcn. 
but  there  arc  no  copulatory  organs,  and  the  sexurtl  organs  are  not  at 
that  stage  mature.  In  Ti-rin'ij/xtM.  and  C'l/ofi-nin-t  it  seems  that  the 
nmles  and  females  do  not  run  about  in  imirs. 

In  most  if  n<)t  in  all  species  a  jKiir  of  termites  tun  found  a  nest 
without  assistance.  Sineathman,  however,  >tates  that  in  T.  IhIUci'X'ih 
such  pairs  arc  protected  by  any  soldiers  am.  workers  who  may  tind 
them,  and  me  by  them  treated  as  kings  and  queens.     *     *     * 

The  females  do  not  differ  from  the  undes  in  he^d  and  thonix, 
though  careful  measurements  may  lind  the  male  to  lie  tlie  smaller. 
The  a)>domeii  of  the  females  become-  at  the  last  molt  dificrent  from 
that  of  the  males  on  account  of  a  charaetc>  i'^*-"^  change  w  the  venti-al 
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plates  of  the  7th,  8th,  and  9th  nlxlominal  aegments.  In  ail  specie.-*  of 
the  genua  Tvni'i'"  the  ahdouicii  -ubsequently  swells  to  many  timo-s  it* 
original  size;  but  this  swelling  is  not  aeeompanipd  by  any  molting; 
the  L-hitinous  plates  do  not  alter,  but  betonie  sepamted  by  the  disten- 
sion of  the  intervening  cuticle.  *  •  *  In  most  gioujw  there  are 
present  ii  number  of  nvinute  luteml  thickenings,  usually  colored,  and 
l>earing  each  a  hair. 

When,  as  in  most  speiues,  the  queen  is  inclosed  in  ii  royal  cell  fi'oni 
which  she  is  too  large  to  escape,  a  familiarity  with  the  nest  and  habttj^ 
of  the  species  will  lead  to  her  discovery  without  much  trouble;  but  in 
all  species  other  than  the  fungus-growers  the  king  can  leave  the  royal 
cell,  and  generally  does  so  when  he  tinds  the  nest  is  Ix-ing  opened. 
In  many  species,  howevi-r,  the  queen  wanders  al>out  the  nest,  and  .she 
then  seeks,  like  the  king,  to  avoid  observation  when  the  nest  i.s  l>eing 
ojiened.  In  such  olscs  theiv  is  only  one  way  of  seaivhing  inetbod- 
ically  for  her.  Remove  the  nest  with  as  little  disturldince  as  possible 
to  a  convenient  place  free  from  the  attacks  of  ants;  a  large  table  with 
its  feet  standing  in  water  is  the  best  place.  Break  the  nest  into  fi"ag- 
ments,  remove  each  fragment  one  by  one,  e.\amine  it  carefully,  and 
put  it  aside  in  a  safe  place,  so  that  the  search  may,  if  necessary,  be 
gone  through  ti  second  time.  If  the  nest  has  l)een  broken  into  frag- 
ments before  it  has  l>eeii  much  disturlied,  the  king  will  l>e  found  in  the 
same  fnigment  as  the  queen.  If  the  nest  is  broken  into  fragments 
gradually,  the  king,  if  found  iit  all,  will  generally  be  found  in  the 
fragment  last  examined.  The  longest  time  I  spent  searching  through 
one  nest  was  three  days,  I  found  a  king;  the  queen  escaped  me,  but  I 
feel  confident  that  was  due  to  my  want  of  care,  and  she  was  really  there. 

I  have  found  colonies  which  I  iHslioved  to  l>c,  through  some  accident, 
queenless,  and  there  are,  no  doubt,  species  in  which  a  single  colony  owns 
.sevei-al  nests;  but  the  rule  is  that  every  nest  has  a  true  royal  pair,  I 
have  found  as  many  as  six  true  royal  pairs;  they  were,  as  is  always 
the  case,  in  the  same  royal  cell;  their  tai'si  were  injui-ed,  presumably 
as  the  result  of  (|uarrehng. 

When  there  is  a  true  queen,  she  is,  so  far  as  my  ot)!*ervations  go, 
always  accompanied  by  a  true  king.  When  there  is  more  than  one 
true  queen,  the  nunilier  of  true  kings  is  generally  equal  to  them;  hut 
often  it  is  less,  and  occasionally  it  is  greater.  The  king  has  no  copu- 
latory  organs.  FromProfessorGnissi'sohservations,  it  is  probable  that 
in Cahteniius  copulation  neverthelesn  does  take  place.  In  Terinea  itia- 
liiyaniis  I  have  reason  to  think  that  the  king  fertilize^  the  eggs  after 
they  are  laid;  indeed,  copulation  In  the  case  of  kings  and  fully  gi'own 
queens  of  most  sjjecies  of  the  genus  Termts  is  apparentlj-  impossible. 

1  raised  neoteinic  forms  artilicially  in  two  sjwcies  of  Calolemies.  In 
species  of  the  fungus-growers  neoteinic  forms  have  never  been  found. 
In  five  cases  I  removed  the  royal  pairs  from  the  nests  of  T.  malai/anuti. 
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and  after  three  or  four  months  again  examined  the  nests.  In  three  out 
of  the  five  cases  substitution  pairs  exactly  resembling  the  original  one«, 
^ith  well-formed  wing  stumps,  were  present;  in  the  other  two  cases  I 
could  not  find  a  royal  cell,  and  believe  that  the  loss  had  not  l>een 
repaired. 

Natural  neoteinic  fomis  are  \ery  abundantly  found  in  some  species, 
ci:)pectally  in  tliase  whose  soldiers  have  a  saddle-shaped  pronotum  and 
are  mandibulated.  In  forms  with  nasute  .soldiers  I  found  neoteinic 
queens  in  only  two  species,  T.  homeensU  and  T.  wuianffensiji.  Neo- 
teinic  queens  are  generally  raised  in  considerable  numbers,  and  become 
fewer  in  number  as  they  grow  older.  They  are  always  found  in  the 
same  part  of  the  nest,  although,  unless  few  in  number,  they  can  r 
all  occupy  the  same  cell. 

By  neoteinic  individuals  I  mean  fertile  individuals  the  condition 
whose  thorax   makes  it  clear  that  tliey  have  never  been  cnpalilc  of 
flight.     Though  the  true  queens  are  always  accompanied  by  kings, 
the  neoteinic  queens  are  often  consortless.    They  may  be  accompanied 
by  one  or  more  true  kings,  or  by  one  or  more  neoteinic  kings;  but 
the  kings  are  almost  invariably  less  numerous  than  the  queens,  and  are 
in  many  cases  wholly  atwent.     This  last  conclusion   indeed  rests  on 
negative  evidence  only,  and  in  the  case  in  which  I  am  most  jxtsitive 
{T.  mataHffennis,  Nos.  368  and  359)  neither  eggs  nor  young  larvte  were 
present  in  the  netits,  though  wingless  males  and  females  were  abundant. 
The  function  of  the  soldiei-s  1  believe  to  lie  defense,  and  defense 
only.     Some  able  observers  have  arrived  at  a  different  conclusion, 
but  on  what  grounds  I  am  not  clear.     There  is  a  vast  difference  in 
functions  of  offense  and  functions  of  defense;  the  most  successful 
defense  is  to  prevent  attack;  defense  has  half  failed  when  attacks 
nmst  be  repulsed.     The  great  enemies  of  termites  are  ants;  and  the 
functions  of  the  soldiers  seem  to  me  to  be  to  defend  any  openings  in 
the  nests  by  putting  their  heads  in  the  way  whilst  the  workers  build 
fortifications.     Those  soldier.-^  which  liave  a  saddle-shaped  pronotum 
and  well-developed  mandibles  are  very  sluggish,  and  seem  quite  use- 
less when  a  nest  is  oijened.     It  is  the  nests  to  which  these  belong  that 
birds  are  most  fond  of;  but  while  broken  nests  may  be  usi-d  to  bait 
bird  trajw,  unbroken  nests  seem  sufficiently  strong  to  resist  the  birds. 
Those  soldiers  which  have  a  .naddle-shaped  pronotum  and  rudimen- 
tary mandibles  secrete  a  clear  viscid  fluid  from  a  sac  which  occupies  a 
great  part  of  the  head,  and  o[)ens  by  a  duct  which  passes  down  the 
rostrum.     The  soldiers  may  be  seen  to  dab  a  little  of  the  fluid  on  the 
antenna;  of  their  enemies  by  a  quick  movement  which  is  clearly  a 
modification  of  the  shaking  movement  so  often  seen   in  worker  ter- 
mites.    By  this  means  sucti  enemies  as  ants  are  pla<'ed  hors  de  combat 
when  they  do  not,  as  they  generally  do,  avoid  the.-<e  soldiers.     But 
such  a  mode  of  defense  would  seem  quite  useless  in  dealing  with  birds 
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and  mamiimlK.     However,  all  the  Bpecies  of  the  etection  to  ivhic*b    T. 
uwArinvM  belongs  traverse  the  jungle,  returning  home  by  daylig'ht 
exposed  in  long  lines  which  take  an  hour  or  more  to  pa»8  one  spot,  the 
soldiers  walking  beside  the  laden  workers.     In  most  of  the  species  the 
soldiers  and  workers  retreat  when  disturbed;  but  in  T.  Umgijtea  the 
bebavior  is  unusually  active.     The  workers  vanish  at  once  beneath 
sticks  and  leaves;  and  if  specimens  be  not  quickly  secured,  they  vrill 
soon  be  very  hard  to  find.     The  soldiers,  on  the  other  hand,  rush  to  the 
attack,  not  in  line,  but  singly;  climbing  every  leaf  and  stalk,   they 
stand  with  unlifted  I'ostrum  challenging  the  enemy.     But  these  species 
with  rostrum  and  rudimentary  mandibles  are  not  the  only  one.s  which 
secrete  a  viscid  fluid  from  the  head.     The  soldiers  of  T.  foramin  If^r, 
which  have  a  saddle-shaped  pronotum  and   long  crooked  mandibles, 
also  have  a  minute  orifice  in  Che  front  of  the  bead.     In  all  the  spocies 
of  Rhinotemies  the  soldiers  have  a  similar  foramen  and  a  .shallow 
groove  which  nins  from  it  to  the  tip  of  the  labrum.     T.  mulayanue 
has  a  similar  minute  foramen,  the  orifice  of  a  sac  occupying  the  mid- 
dle of  the  head.     Most  soldiers  of  the  fungus  growers  and  also  thotie 
of  T,  »ulpkiircu«,  when  angrj',  discharge  a  viscid  fluid  from  large  .sali- 
vary vesicles  opening  into  the  mouth.     The  most  remarkable  form  of 
orifice  in  the  front  of  the  head  is  in  the  section  i'iyptoterme».     The  sol- 
dieitf  of  both  T.  geetroi  and  T.  travidna  have  very  large  orifices  in  the 
front  of  the  head  from  which,  when  angry,  they  emit  a  copious  while 
viscid  fluid  which  runs  down  to  the  mandibles.     The  soldiers  of  J. 
gestroi  are  very   ferocious.     The  species  is  one  which  deliberately 
attacks  and  destroys  live  trees.     The  workers  build  up  a  thick  earthy 
crust  round  the  stem  of  the  tree  foi-  the  height  of  7  or  8  feet  from  the 
ground;  beneath  this  crust  they  leisurely  seek  out  weak  spots  and 
penetrate   to  the   center  of  the  tree.     If  the  crust  be  broken,  the 
workers  very  quickly  retreat;  but  the  soldiers  rush  to  the  attack,  a 
white  milky  fluid  standing  between  their  open  jaws;  they  lift  them- 
selves up  and  then  hammer  their  heads  against  the  tree,  producing  a 
rattling  sound.     If  left  alone  they  soon  retire  under  cover;  but  if  one 
breaks  into  their  retreat,  out  they  come  again  in  great  excitement, 
hammering  their  heads,  opening  and  shutting  their  jaws,  and  dischftrg- 
ing  their  milky  seiTetion.     In  the  section  of  the  fungus  growers  to 
which  T.  MllcDsun  belongs  the  workers  run  away  to  their  subterraneHn 
pasHE^es  when  the  nest  is  being  opened,  while  the  soldiers  stay  to 
defend  the  nest;  generally  the  smaller  soldiers  are  more  active  than 
the  larger,  for  they  run  about  while  the  latter  occupy  the  crevices  of 
the  nest  and  the  cavities  of  the  fungus  buds,  where  they  wait  and  bite 
at  anything  which  comes  in  reach.     The  soldiers  of  this  group  can 
generally  produce   the   rattling  sound.     In   this  accomplishment  T. 
carbonarim  has  reached  the  highest  stage  of  development,  for  the 
soldiers  can  hammer  in  rhythmic  unison.     At  lirst  a  few  begiu  irreg- 
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iilarly,  then  they  get  into  time,  and  the  others  take  it  up.  Every 
soldier  in  the  exposed  portion  of  the  nest  iitands  up  and  hammers  with 
his  bead;  the  blow  is  given  thrice  in  very  quick  succession,  and  then 
there  is  an  interval  of  two  seconds.  The  noise  they  produce  reminds 
me  of  wavelets  lapping  on  a  shore.  This  trick  of  hammering  with 
the  head  is  ween  in  only  a  few  species;  it  is  clearly  a  modilication  of 
the  shaking  movement  so  often  seen  in  workers. 

I  have  not  found  a  species  without  soldiers,  though  Dr.  Fritz  MuUer 
found  some  in  America,  I  have  rarely  found  a  nest  without  soldiers, 
though  in  7".  liibatim  I  have  done  so.     *     *     * 

To  the  workers  1  have  not  paid  much  attention.  The  amount  of 
coloring  and  chitinization  ia  correlated  with  the  period  during  which 
they  aru  exposed  to  light.  A  broad  head,  slender  Icgw,  and  arched 
abdomen  go  with  activity  and  the  habit  of  foraging  for  food,  A  nar- 
row bead,  short  stout  legs,  and  fusiform  abdomen  go  with  a  sluggish 
habit.  The  workers  not  only  collect  the  food  and  build  the  nest,  but 
aliJO  nur.se  the  young,  and  may  be  seen  carrying  the  eggs  and  young 
larviv  to  places  of  greater  safety.  In  some  species  they  certainly 
take  cure  of  the  queens.     •     *     • 

The  structure  and  position  of  termites'  nests  are  very  various. 
They  agree  in  having  the  outer  part  closed  so  as  to  exclude  their  great 
enemies,  the  ants;  the  entrances  are  generally  few  and  well  protected. 
There  are,  however,  some  exceptions  to  this  rule,  of  which  the  most 
remarkable  is  the  nest  of  T.  laUriciuK,  which  has  two  or  three  vertical 
shafts,  an  inch  or  two  in  diameter  and  about  three  feet  deep,  opening 
on  the  surface  of  the  ground.  T.  hoDpUaliK  also  has  one  or  more 
large  openings  at  the  summit  of  the  nest.  Several  specie.s  of  the 
group  to  which  T.  hice»situs  belongs,  and  which  build  round  nesta  on 
the  bi'anches  of  shrubs,  may  also  have  several  exposed  openings  into 
the  nests. 

The  different  groups  of  the  genus  Tei-itifn  build  nests  of  different 
charac^ters;  the  ma-^t  remarkable  that  I  have  seen  are  those  of  the 
fungus  growers,  so  well  described  by  Smeathman  in  the  case  of  T. 
Mlicr/tm.  The  nests  of  the  American  fungus  growers  seem  unfortu- 
nately never  to  have  I:>een  described.  It  was  noticed  by  Smeathman 
that  in  some  cases  the  nests  of  nearly  allied  species  were  more  easily 
distinguished  than  the  insects  which  built  them.  This  is  especially 
true  of  the  species  allied  to  T.  viiniinmusy  whic^h  builds  turret  nests 
described  by  Smeathman.  On  the  other  hand,  the  appearance  and 
shape  of  the  nests  arc  much  modified  by  conditions;  thus  the  niound 
builders  i-an  live  without  a  mound  in  cultivated  ground,  where  mounds 
are  not  permitted. 

All  the  spetries  whose  soldiei-s  have  a  distinctly  saddle-shaped 
pronotum  seem  to  use  proctodeal  discharges  in  the  building  of  their 
nesU.     The  fungas  growei's,  on  the  other  hand,  do  not  do  so,  but 
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moisten  the  pelleU  of  clay  which  they  hriag  with  fluid  from  their 
mouthfj.  In  species  of  Ctiptotennen  and  Rhinoterme«,  and  in  Tin~rne' 
taiuitfr,  I  did  not  see  what  manner  of  cement  was  used.  T.  j»lan\t* 
lived  in  shallow  chamberH  eaten  in  the  wood,  much  after  the  manner 
of  Calotenn&i,  and  had  no  buildings. 

Ob:*ervers  in  Auiciica  and  Europe  have  concluded  that  the  same 
colony  often  possess  several  nests,  only  one  of  which  is  inhabited  by 
fertile  individuals,  whose  eggs  and  young  are  carried  (o  the  other 
nests.  I  do  not  doubt  that  this  is  so  with  a  few  species;  I  believe  it 
to  bo  so  with  T.  gentrol;  nevertheless  it  is  not  so  with  the  great 
majority  of  species  which  1  have  collected.  Further,  the  evidence  for 
such  concla-iion  is,  for  the  most  part,  negative,  and  therefoi-e  to  be 
treated  with  great  cAution.  As  the  seai'ch  for  king  and  i^ueen  goes 
on  hour  after  hour  without  suc<;e8s,  exhausted  patience  induces  strong' 
wish  for  a  conclusion;  and  it  is  then  that  the  difficulty  arises  of  keep- 
ing the  inHuenco  of  wish  from  upsetting  the  even  balance  of  judgment. 
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THE  WANDERINGS  OF  THE  WATER  BUFFALO.' 


The  Indian  government  hss  recently  formed  dairy  farms  to  supply 
milk  and  butt«r  for  the  use  of  the  troops.  The  fine  breeds  of  Indian 
cuttle  are  u»ed  in  these  dairies,  but  cow  buffaloes  are  also  kept  on 
account  of  the  richness  of  their  milk.  European:^  sometimes  object 
to  use  it,  as  the  domesticated  buffalo  is  often  kept  as  a  sort  of  scaven- 
ger t<>  the  cow  byres  of  the  Indian  cities,  and  eat«  the  litter  and  refuse 
of  the  farmyards.  But  properly  fed  the  buffalo  is  by  no  means  the 
bovine  pig  whi<^h  it  becomes  when  kept  in  Hyderabad  or  Benares.  It 
is  not  only  a  iirst-clasM  dairy  animal,  but  the  strongest  beast  of  draft 
in  the  world  except  the  elephant,  (ireat  areas  of  rich  river  delta  and 
marsh  in  thn>e  continents  are  maintained  in  cultivation  by  buffalocN 
when  no  othor  animal  could  possibly  be  used  to  plow  the  rice  ticlds  or 
dmg  <4rts  over  and  through  miles  of  liquid  mud.  The  value  of  this, 
prolmbl)'  the  lat^-xt  of  all  large  animals  to  l>c  domesticated,  is  so  well 
known  in  the  Ea.-«t  that  it  has  for  centuries  past  been  carried  to  places 
so  remote  from  its  original  home  and  apparently  so  inaccessible  that 
the  extent  of  its  involuntary  migrations  in  the  service  of  man  has  a 
peculiar  interest,  liesides  this  it  is  one  of  the  very  few  domesticated 
animals  which,  like  the  yak  and  the  gayal  (possibly  a  tame  form  of  the 
gaur),  are  still  found  in  their  original  wild  state,  with  form  and  habits 
scarcely  altered.  The  wild  buffalo  is  among  the  most  dangerous  and 
formidable  of  the  big  game  of  India,  never  hesitating  to  charge  when 
wounded,  and  noted  for  the  persistency  with  which  it  seeks  to  destroy 
the  person  who  has  injured  it.  Its  natural  home  is  in  the  grass  jungles 
and  swamps  of  India,  Nepaul,  and  Assam.  It  is  also  found  wild  in 
the  island  of  Formosa.  It  is  a  huge  blai^^k  beast,  with  no  hair,  a  skin 
like  black  gutta-percha,  immense  horns,  sometimes  measuring  more 
than  12  feet  along  the  curve,  though  not  spreading  like  a  shield  over 
the  forehead  as  in  the  Cape  buffalo,  but  set  like  a  pair  of  scythes  on 
each  side  of  its  head.  A  bull  stands  6  feet  high  at  the  shoulder — 
eighteen  hands,  that  is;  its  bulk  is  enormous,  and  its  great  spreading 
feet  are  well  adapted  for  walking  in  the  swamps.  By  choice  it  is  semi- 
aquatic.  A  herd  will  He  for  hours  in  a  pool  or  river  with  just  their 
eyes,  horns,  and  great  snub  noses  above  water.     Anyone  who  blunders 


•Rtprintwl  Jrom  Tht  .Spectulor,  Augugt  31>  '^''  l*''-  '^'^*-'^^- 


Digitized  bvCoOgIC 


■680  WANDEBINGS    OF   THE    WATEB   BUFFALO. 

onto  ti  buffalo  in  a  wallowing-hole  and  fri)fht«ns  it  out  may  be  ex:cue€«d 
for  imagining  that  he  haa  just  come  on  a  mud  volcano  at  the  moment 
of  eruption. 

This  is  the  real  liuffalo — called  in  India  the  arnee — and  not   to  l-»e 
confounded  with  the  gaur  or  the  banteng.  the  wild  oxen  of  India  and 
tho  Far  Katit.     It  will  Iw  seen  that  the  hu6faIo  in  its  wild  state  is  limit^si 
to  ft  not  very  large  area,  namely,  the  country  south  of  the  Himalayas, 
and  extending  for  some  distance,  the  limits  of  which  are  not  perfectly- 
known,  in  the  territory  of  the  Indo-Chinese  .states.     Yet  this  enor- 
mously powerful  and  lierce  animal  has  been  so  completely  domestitated 
by  the  Hindoos  that  the  tame  herds  are  regularly  driven  out  to  feed  ic 
the  same  jungles  in  which  wild  buffaloes  live,  the  bulls  among  'which 
will  often  come  down  and,  after  giving  battle  to  the  tame  bulla,  annex 
the  cows  for  a  time  and  keep  them  in  the  jungle.     The  only  striking 
difference  in  appearance  bt^tween  the  tame  and  wild  buffalo  is  that  the 
horns  of  the  former  do  not  grow  to  the  size  attained  in  the  wild  speci- 
mens, and  alter  their  curve  and  pitch.     Mr.  Lockwood  Kipling  note^ 
the  curious  effect  of  the  grove  of  long  Iiorns  above  a  herd  of  .the;*e 
animals,  no  two  liuffahM's  having  them  of  the  same  pattern.     Trace**  of 
the  lateness  of  the  date  of  their  apprenticeship  to  the  service  of  man 
are  seen  in  their  power  of  self-defense  and  combination  when  threat- 
ened with  attack  by  tigers  or  leopards,  by  their  mating  with  the  wild 
stock,  and   })y   the   uncertainty  of  their  temper,  especially  toward 
Europeans.     Wherever  they  are  used  by  oriental  rat«s  these  outbreaks 
of  savagencHs  are  always  in  evident^  from  time  to  time  when  the  white 
man  en<-ounters  them.     In  China  they  have  iH'cn  known  to  chase  Euro- 
peans when  the  latter  wei'e  riding,  as  well  as  when  passing  on  foot. 
They  will  do  the  same  in  India,  in  Egypt,  and  in  Burmah.     Yet  in 
India  tJiey  arc  generally  taken  out  to  pasture  by  some  small  boy,  who 
is  their  tyrant  and  ma^rter,  and  will  protect  him,  their  calves,  and 
themselves  from  the  tiger.     Au  account  appeared  recently  in  Country 
Life  of  the  use  of  a  herd  of  these  animals  to  l>eat  the  jung'e  for  a 
wounded  tiger  which  had  killed  a  native.     The  buffaloes  were  driven 
up  and  down  for  a  whole  day,  beating  the  ground  in  a  compact  body, 
until  they  found  the  tiger,   whose  hiding  place  was  shown  by  (he 
excitement  of  the  herd,  at  which  it  chai^d  almost  as  soon  as  they 
observed  it.  and  was  shot  by  the  guns  following  them. 

As  a  iK-ast  of  draft  the  buffalo  has  astonishing  powers  of  hauling 
heavy  traffic  over 'bad  roads.  It  cjin  plow  in  mud  over  its  hocks. 
It  is  most  docile.  It  can  swim  a  river  going  to  and  from  work,  tow 
barges  along  canals  and  streams,  sometimes  walking  in  the  shallow 
water  by  the  l>anks,  like  the  horses  did  on  the  Lower  Thames  before 
the  towpath  was  made.  It  will  eat  anything  it  can  get,  and  asks  only 
for  one  indulgence,  a  good  hour's  swim  or  mud  bath  in  the  middle  of 
the  day.     The  rice  fields  which  feed  so  great  a  percent^fe  of  the  popii- 
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lation  of  eastern  Asia  could  scarcely  be  cultivated  without  its  aid,  and 
it  is  80  valuable  as  a  dairy  animal  that  the  percentage  of  butter  in  its 
milk  equals  that  of  the  best  breeds  of  English  dairy  cattle.  The  result 
is  tbut  it  has  become  an  equal  favorite  with  the  Hindoo,  the  Arab,  and 
the  Chinaraan,  and  playa  a  most  important  part  iu  the  agriculture  of 
the  Lower  Nile  Valley. 

■  The  great  distance  from  its  original  home  in  India  at  which  we  now 
find  the  buffalo  established  is  evidence  that  the  animal  has  a  history  of 
an  exceedingly  adventurous  kind,  were  it  possible  to  trace  the  story  of 
ita  travels.  Starting  from  the  Indian  jungles,  and  then  domesticated 
on  tbe  Indian  plains,  this  erstwhile  wild  beast  has  reached  and  been 
domesticated  and  plays  a  most  important  part  in  Egypt,  Palestine, 
southern  Italy  and  the  Campagna,  the  south  and  east  of  S|>nin,  Hun- 
gary, Turkey,  and  western  Asia  as  far  as  the  borders  of  Afghanistan. 
By  some  unknown  route  it  has  n;ached  the  west  coast  of  Africa,  and  is 
established  as  a  beast  of  draught  and  cultivation  on  the  Niger.  It  has 
traveled  far  up  the  Nile,  and  will  go  farther,  for  it  would  I)e  invalu- 
able on  the  great  swamps  Fashoda  way.  In  the  Far  Ea^^t  the  (Chinaman 
has  made  it  his  own  petmliar  pet,  having,  it  is  believed,  first  learnt  its 
value  in  the  rice  grounds  of  the  south.  It  has  been  taken  to  Japan, 
where  it  now  works  in  the  rice  grounds;,  to  the  Philippines  and  tbe 
islands  of  the  Malaj'  Archipelago;  and  there  is  no  doubt  that  it  would 
be  useful  in  British  Guiann.  Possibly  the  Italians  who  are  crowding 
over  into  America  will  introduce  it  in  the  Lower  Mississippi  Valley; 
but  it  is  by  nature  a  brown  and  yellow  man's  beast,  and  only  appre- 
ciated in  Europe  by  the  South  Ijfttin  races. 

How  did  the  buffalo  get  from  India  to  Africa!  Who  first  took  it  to 
Egypt?  How  did  it  get  from  Egypt  round  to  the  West  Niger?  And 
who  brought  it  to  Italy,  and  from  whence?  All  these  are  most  inter- 
esting questions,  and  as  the  distjince  of  time  which  has  elapsed  since 
the  animals  were  introduced  into  Europe  does  not  fall  beyond  the 
historic  period,  may  possibly  be  answered.  In  Egypt,  for  instance. 
there  exists  a  pictorial  record  on  the  tombs  and  elsewhere,  covering 
many  thousands  of  years,  in  which  pictures  of  animals  play  an 
important  part.  If  the  tirst  appearance  of  the  water  buffalo  in  these 
paintings  wei-e  noted,  the  date  of  its  importation  from  India  to  Egypt 
would  !«■  known.  From  inquiries  kindly  made  by  M.  Maspei-o  at  the 
suggestion  of  Ijord  Cromer,  it  appears  that  nowhere  in  the  long  "pic- 
ture history"  of  ancient  P>gypt  does  the  water  buffalo  appear.  The 
African  buffalo  is  seen  there ;  not  so  tbe  domesticated  Asiatic  one. 
This  is  very  interesting  negative  evidence  that  this  domesticated  animal 
wa"  not  known  in  ancient  Egypt.  It  is  surmised,  probably  rightly, 
that  it  was  imported  after  some  great  epidemic  of  cattle  plague,  or  it 
may  have  been  taken  from  tbe  west  coast  of  India  up  the  Euphrates 
Valley,  and  thence  down  the  Jordan  Valley  to  Egypt.     Arab  dhows 


zedbvCoOgIc 


082  WANDERrNQB   OF   THE    WATER   BlIFPALO. 

have  for  ages  done  a  regular  trade  in  carrying  horsei^  from  the  west 
coast  of  lodia  to  the  ■Feraian  Gulf.  It  is  probably  une  of  tbe  oldest 
forms  of  shipping  which  exists,  and  the  Arab8  who  now  ship  horses 
from  Bombay  to  the  Persian  Gulf  may  have  been  in  the  cattle  trade 
in  very  early  days.  It  is  also  probable  that  in  the  era  of  Hindoo 
maritime  enterprise  these  creatures  were  taken  both  to  tiie  Far  Ea^t 
and  to  the  east  coast  of  Africa.  The  circumstances  which  led  to  their 
introduction  into  Italy  and  Spain  are  probably  to  be  found  in  some 
exbting  record;  but  it  is  not  one  generally  known,  tbe  nearent  surmise 
being  that  they  may  have  been  given  to  a  Longobardian  king'  with 
other  animals  by  the  chief  of  a  horde  of  Asiatic  invaders.  They  were 
not  known  iu  Italy  in  Roman  times.  But  if  they  had  been  introduced 
as  recently  as  the  camels  which  are  still  usefd  on  one  of  the  royal  estates 
in  Tuacany  (an  enterprise  due  to  the  Medici),  the  fact  would  probably 
have  been  matter  of  common  knowledge. 
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ON  THE  PKESERVATION  OF  THE  MARINE  ANIMALS  OF 
THE  NORTHWEST  COAST. 


By  William  H.  Dall. 


I  have  been  requested  by  the  Secretary  uf  the  Smithsonian  Institu- 
tion to  record  any  facts  in  my  pOBseasion  bearing  on  the  preservation 
from  extinction  by  the  hand  of  man  of  the  various  marine  animals  of 
the  northwestern  coast  of  America. 

The  preservation  of  wild  animals  in  nien^eries  and  zoological  gar- 
dens is  necessarily  of  a  most  temporary  nature,  since  many  of  them 
will  not  lii-eed  in  captivity  and  all  require  the  gi-eatest  care  to  preserve 
them  in  even  moderately  good  health.  It  is  very  rare  that  we  find 
among  the  carnivores  a  Ui^  mammal  which  has  reached  a  point  as 
near  domestication  uh  the  lion,  of  which  a  reasonable  supply  of  cubs 
bred  in  captivity  are  generally  available.  Even  the  European  liison, 
which  has  been  presened  in  the  forest**  of  eastern  Europe  in  small 
nuniliei-s  for  -seveml  centuries  in  a  state  as  near  !is  possible  to  that  of 
untroubled  nature,  are  now,  it  ia  reported,  on  the  point  of  extinction 
from  disease  and  weakness  due  to  constant  inbreeding. 

Unless  actually  domesticated  this  is  what  may  be  reasonably 
expected  to  occur  in  time  with  any  limited  number  of  uncivilized  men 
or  wild  animals.  If  the  stock  is  kept  pure  it  will  perish  from  breed- 
ing in  and  in;  if  it  is  mingled  with  other  blood  the  original  ty{>e  grad- 
ually fades  out.  We  may,  therefore,  look  forward  to  a  time,  nearer 
perhaps  than  we  suspect,  when  all  large  animals  and  most  of  the 
attractive  wild  birds  will  be  known  only  from  pictures  or  the  rare  and 
pi'ecious  specimens  preserved  in  museums.  Those  animals  capable  of 
domestication  in  large  numbei's,  like  certain  deer,  will  alone  survive 
to  represent  to  future  generations  the  varied  fauna  of  large  wild 
animals  of  to-day.  The  boreal  swamps  may  still  afford  a  refuge  to 
some  of  the  more  hardy  fur-bearing  creatures,  hut  the  use  of  furs 
taken  from  wild  animals  will  by  that  time  be  wholly  superseded  by 
still  more  beautiful  products  of  the  loom. 

The  [overs  of  nature  and  the  uncomii\Q(t  (which  iucUide~s  the  greater 
part  of  the  civilized  races)  can  not  coi^v  rt^pUte  such  a  state,  of  affairs 
with  wjiianiniity.     Like  the  man  wh(^        mtnitled  suicide  bei-ause  he 
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waH  tired  of  buttoning  and  unbuttoning,  the  average  citizen  would  find 
such  luonotony  unendurable.  The  day  when  circuses  are  whom  of 
their  attendant  menageries  will  sensibly  diminish  the  gayety  of  tt&tiona 
and  deprive  the  youthful  of  a  most  cherished  source  of  amusement 
and  instruction.  Without  its  hears  and  wolves,  leopards  and  ti^^i^. 
elephanbf  and  hippopotami,  the  natural  world  would  ha^'e  far  l^ms 
interest  and  the  distant  day  of  its  final  extinction  would  he  palpahly 
foreHhadowed. 

It  in  Hai<l  of  man  that  he  shall  inherit  the  earth;  and  as  popuIatioQ 
grows  thin  prophecy  is  gradually  being  fulfilled.  Though  there  are 
deaerts  in  the  south,  swamps  and  tundra  in  the  north,  and  niountato 
ranges  everywhere,  where  man  can  not  find  a  subsistence  or  create  a 
homo,  no  doubt  can  exist  that  in  the  fullness  of  time  all  productive 
regions  of  the  carth^s  surface  will  be  occupied;  and  only  such  aniouuLj 
in  the  wild  state  as  can  secure  su)>sistence  from  the  most  inhospitable 
arctis  can  l>e  expected  to  survive. 

The  sea.  however,  is  different.  Here  man,  who  began  by  ttwhiDg 
from  the  shore,  then  whitened  the  ocean  highways  witti  the  canvas  of 
bis  sailing  shipi,  and  now  blackens  them  from  the  smoking  funnel.''  of 
the  sen  tramp  or  the  majestic  liner,  is  distinctly  a  temporary  sojourner. 
He  finlmrks  upon  the  sea  In^cause  he  must  ci-oss  it,  or  carry  the  goods 
of  others  aci-oss  it;  because  for  a  brief  season  he  enjoys  trying  hi.s  wit 
and  sti-ength  againat  the  forces  of  nature  and  defying  her  barriers; 
or  )H!cause  he  seeks  to  wrest  her  treasures  fi-om  the  sea.  However 
crowded  the  continenti<  may  he,  it  seems  improbable  that  men,  away 
from  their  shores,  will  ever  make  their  homes  upon  the  sea. 

There  is  then  some  hope  for  the  marine  animals.  There  will  always 
be  food  for  them,  always  a  vast  extent  of  ocean  for  them  to  roam  in 
undisturlied,  and  no  man  will  grudge  them  the  occupancy  of  the  reefs 
and  sandlmi's  which  they  may  seek,  at  certain  seasons,  to  bring  forth 
their  young  or  He  untroubled  in  the  sunshine. 

Whatever  may  be  the  ultimate  fate  of  the  purely  terrestrial  animals, 
in  a  sense  competitors  with  man,  there  is  no  sufficient  I'eason  why  the 
marine  animals  may  not  survive  on  the  globe  as  long  as  man  himself. 
The  latter,  from  a  geological  standpoint,  but  recently  feral  himself, 
still  preserves  in  great  strength  certain  primal  instincts.  There  is  a 
legend  of  two  Englishmen  who,  hunting  in  the  wilds  of  central  Asia, 
during  the  temporary  alwence  of  the  seraphic  guardians,  ignonintly 
came  to  pitch  their  tent  in  theCiardenof  Eden.  Waking  with  the  light 
of  dawn  when  the  descendants  of  the  animals  named  by  our  first  par- 
ent were  in  primeval  amity,  wandering  peacefully  over  the  green 
slopes  l>efoi-e  him,  one  of  the  intruders  looked  fnim  the  door  of  his 
tent  and  shouted  to  his  comrade,  'Wake  up!  wake  upl  Here  is  a 
chance' to  kill  .something!"  Whether  this  be  authentic  or  not,  it  is  cer- 
tain that  the  desire  to  kill  is  one  of  the  most  genera)  and  streimous 
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inntinctM  in  man,  even  of  the  highest  civilization.  Fur  unnui)i)>cn!d 
centuries  hi»  Hubsistcnce  depended  upon  his  ability  to  kill,  and  hiit  wry 
existence  upon  the  power  to  restrain,  by  killing  tintt,  those  who  would 
kill  bim.  It  is  not  to  be  expected  that  these  instincts  can  b<>  changed 
or  eliminated  in  a  few  generations.  Nevertheless,  the  desire  to  kill 
for  the  sake  of  killing  has  been  modified  in  the  more  int4>lligent  of 
civilized  men  to  a  desire  to  kill  for  some  definite  purpose,  such  as  the 
acciiniulation  of  property,  the  protection  of  domestic  animals,  or  the 
elimination  of  vermin. 

\Vc  may  hope  that  the  more  intelligent  Ivody  of  thostt  who  make 
and  enforc*  the  laws  may  so  restrain  the  less  intelligent,  who  kill  in 
wantunness  or  for  a  trifling  gain,  as  to  defer  thf  extinction  of  the 
Hcii  animals  indefinitely.  It  is  entirely  possible,  though  up  to  the 
present  time  effective  measures  of  protection  have,  so  far  as  inter- 
national law  would  admit,  been  carried  out  solely  for  one  animal — the 
fur  seal.  Others,  like  the  sea  otter  and  salmon,  have  lieen  legislated 
for.  but  it  is  universally  believed  on  the  northwest  coast  that  no 
honest  attempt  to  enforce  this  legislation  has  ever  Ik-cii  made,  and 
certainly  none  has  been  ef&cient.  The  prospect  would  indeed  Iw  dark 
if  we  could  hope  for  nothing  better  than  the  c<>nditi<ms  which  have 
heretofore  obtained. 

But  there  is  no  reason  why  conditions  should  not  improve,  and  the 
writer  believes  that  if  tlie  American  public  were  fully  aware  of  the 
present  state  of  things  they  would  insist  on  a  change;  and  if  any 
general  appreciation  of  what  the  present  destructivenots  implies  i-ould 
he  brought  about,  the  merest  <-c(inmer<;ial  self-interest  would  force  a 
reform  in  the  abaeru-e  of  other  motives. 

The  marine  animals  which  may  \w  considered  in  this  connection  are 
as  follows: 
The  sea  elephant,  Mapn/rhiiiui  nngwair'iidriit; 
The  walrus,  Kotmariui  i^iemii; 
The  M'a  lion,  Kunirtopian  laeUeri; 
Tlie  IpKHer  wa  lion,  Zalophn*  crdi/omiatuu; 
Tlie  fur  iM?al,  CfdMnna  urrina; 
Thi'  hair  or  harbor  Bt-al,  I'hoca  targhn; 
Tlif  ringi^f!  (*al,  Phoca/'rtiita; 
The  harp  stial,  Pkora  ffnndandici; 
The  i>iii)dli>back  seal,  l{i*lrifypkocaJa»ciiUn; 
The  Ixnnli-d  seal,  Erupxnthia  barlxUfui; 
The  Hta  otter,  Knhydriii  marina. 

The  fur  seal  has  been  the  siibjei^t  of  so  nmch  writing  and  has  excited 
HO  much  popular  interest  from  its  commercial  value  and  other  causes 
that  it  will  not  be  further  referred  to  in  this  discussion,  except  to  say 
that  there  is  no  question  in  the  mind  of  anyone  <|ualitied  to  judge  that 
if  the  destructive  pelagic  sealing  were  stopped,  the  seals  would,  in 
the  course  of  eight  or  ten  years,  increase  so  as  to  restore  the  valuable 
industrv  now  approaching  extinction.  ^ 
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Thf^  Ht'a  clpphant,  formerly  ranging  from  the  vicinity  of  San  FrHn- 
riwco,  at  Point  Reyes,  to  the  we  t  shore  of  the  peninsula  of  l^ower 
California,  i:^  believed  to  be,  if  not  actually  extinct,  at  lea«t  reduced 
to  a  few  individuals  which  are  finding  a  temporary  refuge  amon^  the 
reefs  of  Ix»wer  California.  No  one  knows  of  any  living  speoimen^ 
and  the  H[>e4;ieiS,  for  present  purposes,  may  be  left  out  of  consideitition. 

The  bearded  seal  in  supposed  to  occur  very  rarely  on  the  eoxu^t  of 
Eastern  Siberia  near  Bering  Strait.  It  is  a  common  Atlantic  spe<*ies 
and  may  1>p  merely  a  straggler  in  the  Far  West,  The  saddlebfLok.  a 
remarkably  handsome  and  very  rare  animal,  is  believed  to  be  conGacd 
to  Kamchatka,  the  Okhotsk  Sea,  and  the  Kurile  Islands.  The.so  tvfo 
may  also  l>c  dismissed  from  our  reckoning. 

The  harlwr  seal  i."  common  in  the  colder  waters  of  the  coa^t,  and 
colonies  (Krur  where  the  glfwiers  of  southeastern  Ala-ska  drop  the/r 
shattered  ice  blocks  into  bays  and  inlets.  The  ma-sri  of  the  specic**- 
however,  is  more  northern  and  frequents  the  region  of  BerinK  Strutt 
and  the  polar  sea,  especially  a))out  the  edges  of  floe  ice.  It  is  a  simdl 
spetries  and  largely  utilized  by  the  natives  of  those  coasts  for  many 
purposes. 

The  ringed  seal,  a  somewhat  larger  and  handsomer  animal,  exists 
under  nearly  the  same  conditions  and  is  hunted  by  the  natives  for  the 
same  purposes. 

The  harp  .seal,  a  much  larger  animal,  is  also  of  great  importam-e  to 
the  native  population  and  occupies  the  same  region,  though  it  never 
occurs  in  the  va^t  numbers  which  make  its  pursuit  by  the  Newfound- 
land sealei-s  of  commercial  importance  in  the  Atlantic. 

These  three  arc  speared  through  the  ice,  at  their  blowholes  in  win- 
ter, or  caught  in  nets  ingeniously  spread  under  the  ic«  by  tbe  aid  of 
long  poles.  They  are  shot  or  lanced  near  the  edge  of  the  floe  in 
spring,  and  supply  food,  oil  for  fuel,  soles  for  foot  wear,  coverings 
for  boats,  and  a  multitude  of  other  articles  essential  to  the  existence 
of  the  native  )X)pulat)on.  The  number  killed,  though  large  in  the 
total,  is  not  so  great  as  to  disturb  the  balance  of  nature;  and  with  the 
rapid  decrease  of  the  native  population,  due  to  introdut^  diseases,  it 
will  be  less  and  less,  year  by  year.  They  do  not  exist  at  present  in 
numbers  sufficient  to  tempt  commercial  slaughter,  and  so  we  may 
regard  these  species  at  lp«st  as  practically  safe  imder  existing  con- 
ditions. 

The  lesser  sea  lion  is  a  native  of  the  coasts  of  California,  where  it 
exists  in  large  rookeries  at  a  few  places,  especially  on  the  Farallones 
Islands — fortunately  a  Government  light- house  reservation.  Here 
they  ai*e  not  disturbed,  though  every  few  years  a  foolish  agitation 
arises  among  the  fishermen  of  San  Francisco  calling  for  their  destruc- 
tion on  the  ground  that  they  are  destroying  the  salmon,  or  other  fish. 
No  one  has  ever  found  a  pie<'e  of  salmon  in  the  stomach  of  a  sea  lion 
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in  the  wild  state,  and  tbe  danger  appears  to  l>e  wholly  imaginary,  as 
the  sea  lions  have  existed  as  long  as  the  tish,  and,  until  man  with  bis 
disregard  of  the  futuie  and  his  desperate  endeavors  to  get  rich  rap- 
idly, entered  tbe  field  prepared  to  capture  and  kill  wholesale  for 
immediate  profit  and  the  subsistence  of  nations  beyond  tbe  sea,  there 
was  tisb  enough  and  to  spare.  However,  tbe  sea  lions  are  in  no  imme- 
diate danger,  and  a  better  knowledge  of  their  food  and  habits  will 
probably  remove  what  seems  to  threaten  in  the  future. 

The  great  sea  lion  of  Steller  has  been  less  fortunate  and  his  fate  has 
been  curiously  bound  up  with  the  sea-otter  fishery,  now  in  such  a  state 
of  decay  as  to  be  almost  negligible.  The  sea  lion,  in  the  absence  of 
the  lui^r  hair  seals,  has  1>een  the  chief  i-eliance  of  tbe  Aleutian  otter 
hunters  for  the  hide,  with  which  they  cover  their  hunting  kyaks.  This 
hide  is  far  inferior  to  that  of  tbe  seal,  and  must  be  renewed  every 
year.  Without  sea-lion  skins  the  hunters  could  not  go  to  sea  on  their 
perilous  hunting  trips  among  the  reefs  for  the  precious  otter  fur. 
Control  of  the  supply  of  sea-lion  hides  means  more  or  less  control  of 
the  hunting.  So  competing  traders  attacked  tbe  sea-lion  rookeries, 
partly  to  get  hides  to  trade  to  tbe  hunters  or  supply  their  own  fleet  of 
kyaks;  partly  to  destroy  those  tbej  did  not  need,  so  that  competitors 
for  tnwie  should  not  be  able  to  get  sea-lion  skins,  and  thuw  should  have 
their  business  crippled. 

Tbe  shy  and  elusive  otter  in  tbe  strenuous  competition  was  soon  so 
generally  kHIed  off  that  tbe  trade  has  diminished  to  a  point  where  it 
is  dying  for  want  of  skins.  The  natives,  diminishing  at  an  astonish- 
ing rate  from  measles,  influenza,  and  other  introduced  diseases,  are 
obliged  to  earn  a  living  otherwise  than  by  hunting.  So  the  devastated 
sea  lion  rookeries  are  slowly  recovering,  and  as  their  value  and  num- 
ber are  too  small  to  tempt  destruction  on  commercial  grounds  by  the 
whites,  we  may  regard  the  danger  point  as  passed.  The  burlj-  mon- 
arch of  the  island  reefs  is  no  longer  in  need  of  immediate  protection. 
The  strong  arm  of  Russia,  guided  by  expert  knowledge,  has  pro- 
vided and  efliciently  protected  a  reserve  on  the  Commander  Islands, 
vfhpre  the  sea  otter  is  now  flourishing  and  a  valuable  industry  slowly 
ifviving.  When  a  single  good  skin  is  worth  $400  at  any  furrier's, 
the  whole  jjower  of  the  United  States,  as  at  present  exerted  in  such 
matters  (witness  tbe  buffalo  in  the  Yellowstone  Park),  is  incompetent 
to  protect  or  preserve  an  animal  or  an  industry  against  the  poacher 
on  her  own  soil.  Spain  may  recoil  in  defeat,  but  the  poacher  boldly 
Ncorns  the  guardians  of  a  reservation  and  jingles  tbe  dollars  in  his 
pocKet.  We  may  therefore  give  up  the  case  of  the  sea  otter  as  hope- 
less.   Democracy  has  its  disadvantages. 

There  remains  the  case  of  the  walrus.  There  were,  a  few  years  ago, 
si'vern!  small  herds  of  this  animal  existing  at  little-freqnented  points 
in  Bering  Sea.     This  animal  seems  to  be  able  to  change  its  habits.     At 
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least,  the  iimin  walrus  pupulation  haa  alwayis  lived  on  the  edgvt«  of 
the  floe  ice,  which  advances  in  winter  to  the  latitude  of  the  PHbilof 
Islapdu  and  i-etreabt  with  the  melting  pack  ice  in  tsummer  to  the  Polar 
Sea.  Yet  certain  ninall  colonies  have  in  historic  timcH  always  exist*"*! 
in  certain  localities  winter  and  summer,  perhaps  attracted  by  an  exce[i- 
tional  ahundance  of  their  favorite  food.  A  small  bunch  of  wnlnis  for 
many  years  occupied  Walrus  Island,  of  the  Prihilof  group,  but  thL* 
was  an  a^^semhly  of  a  peculiar  character.  It  was  entirely  compo:**^ 
of  old  males  driven  away  from  the  herds  by  the  competitive  valor  of 
their  younger  and  more  active  congeners,  and  forming  a  sort  of  old 
gentleman's  chih,  existing  in  torpid  dignity  away  from  an  atmosphere 
of  irritating  disrespect.  We  are  informed  that  this  retreat  is  now 
untenanted  and  the  assembly  scattered  or  destroyed. 

The  walrus  feeds  on  clams,  sea  snails,  and  other  mollusks  of  the  kind 
which  frequent  sand  banks  in  shallow  water.  These  are  rooted  out  of 
the  sand  hy  the  aid  of  the  powerful  tusks  and  swallowed  whole,  with 
a  stone  or  two  to  aid  digestion.  The  shells  paiss  through  the  body  in 
the  natural  way  and  are  discharged  on  the  rookeries,  largely  in  an 
unbroken  state.  It  is  therefore  necessary  that  the  herd  .'sho;ild  have  a 
large  area  to  dig  over,  as  such  enormous  animals  must  require  a  lar^ 
supply  of  food.  They  appear  to  increase  slowly,  and  l>cing,  when 
well  fed,  of  a  rather  slu^ish  disposition,  fall  an  ea.iy  prey  to  the  hun- 
ter intent  on  ivory  or  oil.  1  understand  that  the  Seeretary  of  the 
Treasury  has  forbidden  the  wanton  shooting  of  these  animals  by  trav- 
elers bound  to  Nome,  who,  while  watting  on  board  .ship  for  the  iee  to 
open,  formerly  amused  theiniselves  in  this  way.  The  number  of  the 
animals  has  very  greatly  diminished  owing  to  destruction  hy  whalers 
uuablc  to  get  any  whales,  who  a  few  years  ago  attempted  to  make  up 
for  other  deficiencies  by  filling  up  with  walrus  oil  and  ivory.  This 
has  not  been  done  of  late  years  owing  to  the  great  distress  the  absence 
of  walrus  brought  upon  the  natives  of  the  Arctic  coast,  who  were  very 
dependent  upon  them  for  food  and  coverings  for  their  boats.  The 
diminished  nunilicrs  of  the  animals,  of  whom  11,000  were  killed  in  a 
single  season  at  the  height  of  the  fishery,  have  also  tended  to  make 
their  pursuit  unprofitable. 

It  IS  evident  that  the  walrus  can  not  bo  preserved  in  contincment, 
nor  could  a  herd  flourish  in  a  restri4;t«d  area.  Their  preservation,  in 
the  case  of  the  small  herds  referred  to  as  stationary,  is  a  very  simple 
matter.  If  they  are  let  alone,  they  will  take  care  of  themselvits,  as 
hitherto.  If  protected  from  the  poacher,  they  need  no  other  care. 
The  way  to  keep  them  in  existence  is  not  to  kill  them.  They  will  do 
the  rest, 
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Those  who  freely  criticise  the  scant  accommodation  allotted  to  many 
inmates  of  the  London  Zoo  are,  no  doubt,  expresainjr  a  very  com- 
meodable  sentiment;  but  they  do  not  appear  to  realize  that  it  is  a  case 
of  little  or  nothing,and  that,  circumscribed  as  it  is  by  public  property, 
not  a  fraction  of  an  acre  can  be  added  to  that  corner  of  the  Regent's 
Park  already  covered  by  the  familiar  paddocks  and  buildings.  It  is 
another  matter  altogether  when  private  gentlemen,  with  the  right 
tastes  and  opportunities,  give  over  their  parks  to  beautiful  and  inter- 
esting animals  of  all  lands,  and  accord  them,  amid  enchanting  sur- 
roundings, a  liberty  which,  little  more  restricted  than  in  their  natural 
homes,  knows  little  of  the  perils  of  nature  and  nothing  of  the  cruelties 
of  Bport.  The  majority  of  men  and  women  like  to  surround  them- 
selves with  favorite  animals;  and  if  we  must  sometimes  regret  the 
proclivity  when  we  see  larks  beating  tbeirwingsvainly  against  jealous 
bars,  we  can  have  nothing  but  appreciation  for  such  private  zoos  aa  I 
have  selected  for  notice  in  the  present  article.  There  is,  as  a  rule,  no 
ulterior  motive  beyond  the  mere  pleasure  in  seeing  these  animals  well 
and  happy  in  their  new  homes,  though  in  some  few  instances,  it  is 
true,  the  fostering  of  science  or  sport  has  been  at  the  bottom  of  such 
experiments  in  acclimatization. 

The  Duke  of  Bedford  seems,  with  his  hundreds  of  wild  deer  and 
antelopes,cattle,  sheep,  and  gouts,  which  luxuriate  at  Woburn  in  amaz- 
ing herds,  to  have  taken  over  the  scientific  research  once  projected,  but 
since  abandoned,  by  the  society  of  which  he  is  president.  The  Jardin 
d'AccIimatation  in  Paris  is  similarly  interested  in  the  practical  side  of 
introducing  useful  or  ornamental  exotic  animals.  Sport,  again,  has 
been  responsible  for  the  introduction  into  these  islands,  at  mure  or  less 
remote  dates,  of  the  pheasant,  red-legged  partridge,  and  carp. 

If  we  have  borrowed,  we  have  also  lent;  and  our  red  grouse,  once 
found  only  in  the  United  Kingdom,  has  succeeded  so  well  in  parts  of 
Belgium  and  Germany  that  new  game  laws  are  now  necessary  for  its 
preservation  on  the  continent.     The  only  government,  however,  which 

'Reprioted,  by  penniBeion,  froic  Pall  Mall  M^azine,  London,  Vol.  XXV,  Sep- 
tember, 1901. 
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I  itself  with  such  operations  is,  if  we  except  the  more  or  les^ 
private  undertakings  of  more  than  one  reigning  sovereign,  fchat  of 
America,  in  which  the  game  and  fisheries  departments  of  the  chief 
States  devote  considerable  sums  of  money  to  the  introduction  of  suit- 
able game  beasts  and  birds. 

Private  enterprise  takes  with  us  the  place  of  public  usefulness,  and 
we  thus  have  in  our  midst  a  number  of  sportsmen  and  naturalists  who 
extend  their  protection  to  foreign  animals,  and  spend  their  money  in 
giving  them  every  chance  of  doing  well  amid  their  new  surroundings. 
I  have  chosen  four  of  these  zoos,  situated  in  widely  different    parts 
of  the  country,  to  illustrate  some   points  of  interest  in    the    man- 
cement  of  such  establishments,  and  all  of  these  I  have  visited   per- 
sonally.    My  scheme  does  not  include  the  aforementioned  preserve  of 
Woburn,  nor  have  I  seen  the  famous  Japanese  deer  at  Powerscourt, 
where  Vis<rount  Powersoourt  was  the  first  to  ru'tlimatizc  that  graceful 
species  as  a  park  animal.     At  the  same  time,  1  think  it  may  bo  shown 
that  these  four  animal  sanctuaries— they  are  Tring,  Vaynol,  Haggers- 
ton,  and  Leonardslee — on  the  resources  of  which  I  have  drawn   for 
these  notes,  have  .'iucceeded  under  sufficiently  marked  differencos  of 
soil,  climate,  and  situation  to  encourage  anyone  who  may  contemplate 
establishing  yet  another  reserve  in  no  matter  what  district  of  England. 
E^ch  of  them  has  its  prominent  feature,  and  in  each  there  is  some  lack 
that  we  find  supplied  in  one  or  other  of  the  rest. 

I  suppose  that  of  all  four  Leonardslee  comes  nearest  to  the  ideal  for 
the  purpose.  Sheltered  by  the  South  Downs  its  sandy  soil  throws  up 
a  luxuriance  of  flowering  shrubs  and  appears  to  favor  all  manner  of 
foreign  trees,  no  matter  whence  Sir  Edmund  Loder  brought  thoai  in 
tlie  seed.  Its  hilly  tracts  are  in  parts  so  wild  that  London  might  well 
be  400,  instead  of  merely  40,  miles  away.  Its  climate  is  more  equable 
than  would  be  expected  so  near  the  home  counties;  and  the  higher 
portions  of  the  estate  are  bracing,  while  the  lower  hold  an  abundant 
supply  of  water  that  not  even  the  caprices  of  its  famous  beavers  can 
divert. 

Touching  Tring,  there  is,  I  think,  nothing  of  extreme  importance  to 
be  noted  with  reference  to  its  climate  or  situation;  but  Vaynol  and 
Haggerston  present  diametrically  opposite  physical  conditions,  their 
only  drawback  in  common  being,  perhaps,  a  too  heavy  rainfall  in  the 
wet  se,ason.  While  the  ktter  lies  between  the  imposing  slopes  of 
Snowdon  and  the  Menai  Strait,  amid  scenery  of  great  variety,  and  in 
a  soft  western  climate,  the  more  northerly  estate  is  on  the  lowlands  of 
the  Northumbrian  coast,  exposed  to  eveiy  cold  and  violent  wind  that 
blows  across  the  neighboring  North  Sea,  while  equally  bittervinds 
reach  it  from  the  southwest,  straight  from  the  Cheviot  Hills,  that  are 
often  snow  chid  until  early  suuimer. 

The  feature  of  the  Hon.  Walter  Rothschild's  collection  at  Trinj;  is. 
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of  course,  the  excellently  ordered  private  muaeum,  the  stocking  of 
which  keeps  his  collectors  busy  in  all  parts  of  the  world.  Mr,  Roths- 
child has,  indeed,  deposited  so  many  of  bia  animals  in  the  London  Zoo 
that  it  is  not  easy  to  form  any  adequate  idea  of  all  the  curious  creatures 
that  he  has  brought  to  Enj^land  without  visiting  both.  It  is  in  London, 
indeed,  that  we  tind  most  of  his  gigantic  tortoises,  rescued  from  a  near 
extinction  in  the  southern  islands,  where  once,  cut  off  from  the  evil- 
doing  of  man  and  bis  d<^,  they  contrived  to  grow  to  such  mighty 
measurements.  Tring  Park  has,  however,  its  interesting  inhabitants 
as  well;  and  kangaroos  and  emus  roam  so  obviously  at  large  that,  but 
for  the  more  pleasing  variety  in  the  vegetation  of  the  northern  hemi- 
sphere, one  might  well  picture  it  a  corner  of  Australia.  At  Hag- 
gerston,  on  the  other  hand,  there  ia  the  prospering  hei-d  of  American 
bison,  of  which  Mr.  Christopher  Leyland  lakes  every  care;  while  at 
Vaynol  Mr.  G.  W,  Duff  Assbeton  Smith  has  his  wild  white  cattle. 

Visitors  to  Leonardslee,  too,  will  find  just  such  an  assembli^  of 
horned  game  as,  roaming  at  liberty  up  and  down  hills  intersected  by 
game  paths,  might  be  expected  to  conjure  up  pleasant  scenes  to  a 
famous  traveler  whase  rifle  made  top  score  in  an  all-Enghind  eight. 
The  Leonardslee  Museum,  too,  though  less  systematic  in  its  arrange- 
ment than  that  at  Tring,  is  more  purely  sporting,  showing  a  flne  col- 
ection  of  ita  owner's  trophi&n. 

Unless,  as  in  the  case  of  the  wild  white  cattle,  there  is  any  techni- 
cal objection  to  interbreeding,  it  is  in  most  cases  usual  to  allow  the 
different  kinds  of  animals  to  intermingle  without  restraint;  and  now 
and  then,  even  in  the  seclusion  of  cage  or  paddock,  some  strange  part- 
nerships are  the  result.  At  Vaynol,  for  instance,  a  young  Sambur 
deer  and  pony  are  boon  companions,  and  have  a  lield  to  themselves; 
while  in  the  building  in  which  Mr.  Asaheton  Smith  keeps  hb  pumas 
and  monkeys  there  is  a  most  entertaining  trio  in  the  shape  of  two 
white  wolves  and  a  little  Malayan  bear.  Whenever  the  horseplay  of 
the  wolves  becomes  unendurable,  the  bear,  not  without  a  parting  cuff, 
makes  his  way  up  a  tree  and  out  into  the  open  air  above,  whither, 
since  dogs  can  not  climb,  the  wolves  are  unable  to  pursue. 

It  will  easily  be  understood  that  so  varied  a  collection  of  animals  aa 
inhabits  each  and  all  of  these  zoos  includes  individuals  of  various 
degrees  of  shyness,  and  not  all  the  animals  may  be  seen  at  the  first 
attempt.  Only  on  my  sixth  night  at  Vaynol,  for  instance,  did  I  see 
the  wild  roe  deer  that  hide  away  in  the  dense  cover  beneath  the 
heronry;  and  the  Leonardslee  beavers  are  still  more  secretive  than  the 
prairie  dogs  that  burrow  in  their  sandy  inclosure  on  the  hill  close 
beside  the  house,  baffling  all  but  the  most  skillful  and  patient  pho- 
tographers. It  Im  to  Mr.  R.  B,  Lodge  that  I  am  indebted  for  the 
accompanying  picture  of  one  of  these  inteTesting  little  hermits,  most 
of  which  utter  their  angry  squeal  and  d^e  below  as  soon  an  the 
intruder  comes  within  20  yards  of  thel^  ^atchtowers. 
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Haggerston  lies,  as  I  have  said,  on  the  bleak  coast  of  Northumber- 
land, and  the  visitor  must  alight  at  the  little  station  of  Beal,  changing 
out  of  the  express,  which  ignores  it,  into  a  slower  local  train  that  runs 
from  Newcastle  to  Berwick.    The  lodge  gates  adjoin  the  station,  and 
on  eitJier  side  of  the  winding  track  that  leads  to  the  cattle  are  inquisi- 
tive wapiti,  bison  (both  pure  and  half-hreed),  gnua,  and  other  strange 
creatures.    The  crowning  success  of  acclimatization  is  fully  attested 
by  the  numbers  of  young  animals  intermingled  with  their  sires  and 
dams(for  theNilghai  antelopes  of  ten  produce  twins);  and  there  are  the 
calves  of  the  zebu  and,  one  had  almost  added,  of  the  gnu,  but  that,  in 
spite  of  its  ox-like  exterior,  the  gnu  is  an  antelope  and  its  young*  aro 
in  consequence  styled  fawns. 

Although  we  see  before  us  miles  of  wire  fence  and  inclosed  building, 
there  is  liberty,  too,  for  the  Haggerston  animals;  and  at  one  turn  of 
the  road  Mr.  Tait,  who  has  charge  of  them  all,  points  out  s  rock- 
wallaby  reclining  lazily  in  the  branches  of  a  low  tree,  leafless  thi:^ 
January  afteraoon.     These  rock -wallabies  are  also  very  fond   of   the 
cedars,  which  they  ascend  to  a  great  height.     Bennett's  wallabies  and 
great  kangaroos  gaze  stolidly  at  the  emus  and  black  swans,  maybe 
with  memories  of  a  distant  home  that  they  have  no  cause  to  regret. 
Right  through  the  grounds  goes  the  sluggish  Low,  its  waters  holding 
numbers  of  smalt  trout,  and  the  moaning  of  the  North  Sea  caQ   be 
heard  whenever  the  wind  blows  from  the  east.     The  emus  and  rheas 
(their  South  American  cousins)  have  bred  less  satisfactorily  these  past 
three  years,  a  falling  off  which  Mr.  Leyland  attributes  to  excessive 
rains,  and  more  particularly  to  late  frost«,  during  incubation.     This 
year,  however,  there  are  ^;ain  some  young  emus.    Japanese  apes  run 
free  in  a  large  inclosure.  but  no  families  have  so  far  blesi^d  their  cap- 
tivity.    Mr.  Leyland  tells  me  that  he  started  this  wonderful  collection 
some  twenty  years  ago  in  Wales,  with  emus,  kangaroos,  pheasants, 
waterfowl,  and  various  small  birds.     Some  ten  years  ago  their  owner 
moved  north  and  took  with  him  his  herds  of  wapiti  and  bison.    It  is 
with  the  last  named  that  animal  lovers  must  always  associate  his  work. 
Thanks  to  American  railroad  enterprise  and  Indian  greed,  the  biaon 
has  long  been  a  vanishing  type.     Indeed,  the  absolutely  wild  condi- 
tion knows  it  no  longer,  which  sad  fact  makes  it  the  more  gratifying 
that  the  Haggerston  herd  h  slowly  but  surely  on  the  increase.    Mr. 
Leyland  has  crosses  between  bison  bull  and  Highland  cow,  and  the 
heifers  have  for  two  generations  been  bred  bivck  to  pure  bison  bull. 
The  larger  birds  kept  in  the  paddocks  include  no  fewer  than  five  kinds 
of  cranes;  but  only  one,  the  Demoiselles,  have  ever  mated,  and  even 
they  did  not  hatch. 

Having  visited  Tring  in  December.  Haggerston  in  January,  and 
both  Leonardslee  and  Vaynol  in  the  loveliest  time  of  spring,  I  offer 
comparisona  with  all  reserve.    Tring,  however,  if  it  does  not  perhapa 
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offer  any  striking  variety  of  scenery,  never,  on  the  other  hand,  looks 
us  dour  as  the  north  country,  in  the  barrenness  of  which  the  master  of 
Haggerston  has  niade  his  paradise.  In  addition  to  its  sheep  and  cattle 
and  shire  horses,  domesticated  types  that  stand  apart  from  the  wilder 
subjects  of  these  notes,  Tring  ba«  close  on  a  hundred  Japanese  and 
fallow  deer,  about  thirty  kangaroos  and  wallabies,  rather  lesa  than  a 
Sfore  of  emus,  and  some  rheas  and  cassowaries.  These  great  strutbi- 
ou!*  birds  do  not  all  accommodate  themselves  to  captivity  with  the 
same  thoroughness.  Thus,  while  the  emus  hatch  out  regularly  )ear 
after  year,  the  cassowaries  nevei'  get  beyond  the  laying  stage. 

The  private  munieum  at  Tring,  which  wa.'^  mentioned  above,  must  be 
one  of  the  finest  of  its  kind  in  the  world,  1  have  met  Mr.  Rothschild's 
collectors  at  work  in  southern  islands  and  continents;  and  on  one 
oix-asion  1  traveled  some  12,000  miles  in  company  with  mysterious 
chests  addre.-ised  to  him,  the  contents  of  which  1  subsequently  had  the 
pleasure  of  lieeing  in  their  new  quarters.  In  the  working  rooms  of 
his  museum  he  studies  and  writes  about  the  pheasants  and  other 
groups  of  birds  in  which  he  takes  a  special  interest,  and  his  pheasant- 
ries  contain  half  a  dozen  species,  including  the  elegant  pheasant,  not 
found  elsewhere  alive  in  Europe  except  at  Berlin.  It  would  be  unpar- 
donable to  write,  however  briefly,  of  Mr.  Rothschild  and  Tring  with- 
out some  allusion  to  his  successful  domestication  of  the  Burchell  zebra, 
which  he  was  in  the  habit  of  driving  in  harness.  Those  who  know 
anything  of  zebra  morals  will  admire  his  enterprise.  Those  who  have 
a  regard  for  him  and  his  work  will  not  be  sorry  to  hear  that  he  has 
handed  the  contumacious  brutes  over  to  a  cousin  who  resides  in 
France. 

I  have  already  admitted  that  my  visits  to  both  Leonatxlslee  and  Vay- 
nol  were  made  under  seasonal  conditions  that  showed  those  beautiful 
places  at  their  fairest.  The  memory  of  Leonardslee  on  the  last  day  of 
April  is  as  of  a  corner  of  the  Kew  hothoiLses  gone  astray,  with  all  their 
wealth  of  rhododendrons  and  camellias,  a  wild  conglomeration  of  half 
the  zoological  and  botanical  i-egions  that  lie  between  the  Tropics  and 
the  Poles.  Here  we  »tand  beneath  a  90-foot  fir  tree  from  the  icy 
north  and  gaze  on  prancing  gazelles  from  the  Arabian  Desert;  we 
move  into  the  slighter  shade  of  dwarf  firs  from  the  Atlas  Mountains; 
wallabies  from  Australia  and  axis  deer  fi-om  the  East  gaze  wonder- 
iiigly  at  us  from  behind  hushes  of  American  origin.  The  trees  and 
shrubs,  like  the  beasts  and  birds,  have  apparently  made  themselves 
quite  at  home  on  a  soil  so  poor  that  nature  would  seem  to  have  destined 
it  for  the  maintenance  of  nothing  ftlx>ve  mean  and  lowly  heaths.  A 
closer  inspection  of  the  Leonardslee  Zoo  leveals  the  thorough  wildness 
of  the  animals.  Here,  within  5  mileti  o^  Horsham,  representative 
groups  of  the  fauna  of  three  contine^,  jvin  as  free  as  in  their  own 
lands.    The  skill  of  the  vet  can  neve^,     ^U  tl^emi  I>aUmfiyer's  tele- 
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photographic  Ions  alone  could  impriuon  the  ima^  of  more  than   one  or 
two  of  the  most  trusting.     Only  when  their  race  is  run  and  tiieir  per- 
verted morality  calls  for  the  euthanasia  of  an  unerring  rifle  does  tJbeir 
owner  seek  them  out  and  end  each  doomed  career.     The  most  intereat- 
iog  members  of  this  assorted  family — the  eight  beavers  of   Montana 
stock — do  not  put  in  an  appearance  imtil  i^ylight  wanes,  and     Cbose 
with  thoughts  of  evening  engagements  in  town  and  return  trains  must 
tie  content  with  th(^  sight  of  their  wonderful  dams  and  take  the  eugi- 
neers  thcmsolvcs  on  trust.     Further  negative  and  ijositive  evidence, 
too,  of  their  rtujtiess  energy  they  may  find  in  the  spectacle  of  splen- 
did treeti  either  sheiithed  with  iron  mail  against  those  untiring    teeth 
or  else  gnawed  through  more  than  a  moiety  of  their  thickness.      Xhe 
wood  that  is  given  to  them  everj'  day  provides  )>oth  nourishment  and 
exenrisc,  Hincc  the  saplings  of  )>ee(;h  or  fir  are  proppe<l  upright  in  the 
earth,  and   the  heavers  have  to  work  hai'd  for  each  meal  of  bark. 
Nature  has  furnished  the  heaver  so  that  it  must  either  labor  UDoeaii- 
ingly  or  si<;ken  to  the  death,  and  work  they  do  beyond  any  other 
crcatur(>  on  earth.     No  strikes,  no  oight-houi's'  oreed;  but  an  a»toD- 
ishing  application  to  the  work  of  destruction.     The  woods  pi*ovided 
for  the  colony  at  Leonardslee  are  not  of  the  hardest,  but  Sir  Edmund 
Loder  has  in  his  museum  a  mighty  fragment  of  British  oak,  the  iron 
hardness  of  which  was  no  match  for  their  teeth.     Indeed,  one  would 
not  at  first  sight  gather  the  meaning  of  that  unobtrusive  specimen  of 
damaged  wood,  hidden  away  as  it  is  in  that  jostling  crowd  of  elephant, 
boar,  tiger,  antelope,  goat,  and  gazelle,  all  broi^ht  back  by  the  owner 
f  ixim  the  sands  and  snows  of  four  continents.    The  Leonaidslec  beavers 
have  so  dammed  the  water  in  which  they  make  their  home,  that  no 
visitor  would  ])e  likely  to  trace  unaided  its  original  course  to  the  sea. 
Nature  is,  however,  sometimes  stronger  than  even  the  beavers,  and 
there  was  a  sorry  spate  two  yeai-s  back  that  washed  the  beavers  a  dis- 
tance of  2  miles  into  some  eel  traps,  from  which  they  were  presently 
rescued  and  restored  to  their  anxious  owner.     Old  female  heavsrs 
occiwionally  make  mischief  in  the  otherwise  peaceful  littlecolony;  for 
like  old  hen  grouse,  they  grow  very  jealous  of  their  juniors  once  tliey 
have  done   with  the  softer  emotions  of  life,  and  their  pugnacity  is 
ircurable.     When  their  case  is  thus  past  remedy,  they  are  eliminntcd. 
An  operation  is  also  sometimes  needed  for  the  overgrowing  teeth,  tind 
it  takes  five  men  to  hold  a  self-respecting  beaver  still  enough  foi'  the 
purpose,  one  gripping  each  leg,  while  a  fifth  keeps  the  ever-readi'  t«i!th 
gripped  on  a  piece  of  soft  wood.     It  would,  I  imagine,  take  a  Musiul- 
man  to  photograph  beavei-s  in  the  natural  state.    Theordinary  patience 
of  Western  photogmphers  is  not  etjual  to  the  ordeal.     But  your  Mils- 
sulman  would  uncomplainingly  sit  beside  his  subject's  dwelling  for  a 
month  or  two,  never  leaving  his  post  for  such  petty  (x>nsideration8  as 
rest  or  i-efresbment,  and  he  would,  with  a  whispered  ^^  Infibalbhl"  of 
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eternul  hope,  but  otherwise  without  a  murmur,  wa^te  dozen^t  of  platett, 
and  at  length  suc-ceas  would  be  hi». 

At  the  antipodeK  of  shyness,  an  of  homeland,  ui-e  the  great  kangai-uos. 
Now,  the  kangaroo  ia  in  'ita  own  country  anything  but  confiding.  Its 
impressive  20-foot  leaps  have  kept  me  on  bandit  and  knees,  with  a  heavy 
"Winehe-Hter  rifle  «lung  over  my  neck,  by  the  hour,  and  it  never  reposed 
in  nif.  that  pi'i-fect  tru«t  which  would  have  enabled  an  ea»y  nhot.  Fluk- 
ing kangaroos  at  S*M)  or  400  yards  is  not  exhilarating  sport,  as  anyone 
might  iindei-staml  if  he  tried  catapulting  grasshoppers  at  50.  The  con- 
ditions as  to  movement  and  size  of  the  birget  would  approximate.  At 
Leonardslee,  however,  the  only  rifle  that  ever  breaks  the  stillness  is 
that  with  which  Sir  Edmund  Loder  practices  at  his  private  ranges; 
and  the  beasts  have  got  to  know  and  disregard  its  voice.  So  the  kan- 
garoos come  quite  close  to  even  the  stranger,  and  have  in  consequence 
no  seci'ets  from  the  camei-a.  The  Japanese  deer,  on  the  other  hand, 
which  seem  to  have  learnt  their  leaping  tricks,  remain  out  of  focal 
range,  and  nothing  but  the  telepbotc^raph,  one  of  which  Mr.  Waiter 
Winans  has  kindly  sent  me  from  bis  deer  park  at  Surrenden,  will 
avail.  The  big  game  of  Leonardslee,  however,  is  usually  collected  on 
a  high,  grassy  plateau  on  the  farther  side  of  some  pheasant  coverts, 
and  our  sudden  appearance  round  a  bend  sends  herds  of  browsing 
moufflon  and  Barliary  sheep,  in  a  moment  of  forgotten  confidence, 
prancing  over  the  sky  line.  Among  the  larities  mention  should  per- 
haps be  made  of  a  pair  of  Marica  gazelles,  the  only  living  specimens, 
1  believe,  in  Europe, 

The  best  known  prot^g^s  of  the  Squire  of  Vaynol  are  perhaps  his 
wild  white  cattle,  of  Sir  John  Orde's  old  Kilmory  stock  with  a  cross 
of  Athol  bull.  Visitors  to  the  Zoological  Ganlens  during  the  past 
year  or  so  must  have  noticed  the  Vaynol  cow,  with  her  little  white  calf 
by  a  Chartley  sire.  The  remaining  her<ls  of  British  wild  cattle  are 
not  more  than  three  or  four  in  number,  and  those  at  Vaynol  were 
established  there  by  the  present  owner.  Though  never  aggi-essive, 
they  are  very  wild  in  the  sense  of  resenting  the  close  approach  of 
strangers,  as  the  unsatisfactory  result  (given  at  the  head  of  this  arti- 
cle) of  several  hut  days  of  stalking  them  in  vai'ioiis  paiis  of  the  park 
wilt  \Kar  witness.  There  is  usually  a  herd  of  deer  mingled  with  the 
cattle,  and  both  jxraze  close  to  the  house  and  round  the  lake.  Just 
l)efore  my  stay,  ii  cow  had  come  to  grief  right  under  the  windows, 
and  had  to  be  shot ;  and  for  several  nights  after  the  event  a  mighty  bull 
Hght  took  place  in  the  nuK>nIight  on  that  spot — an  episode  that  might 
perhaps  have  been  valued  more  at  a  less  restful  hour  of  the  twenty- 
four.  The  calves  are  noticeably  whiter  ^Vift"  ^^^"'  fil^levs,  which  seem 
to  assume  a  varying  degree  of  yellow  ^^  ,  ^vea.in-color  as  they  advance 
in  years.  Of  hares,  Vaynol  has  thre^  \-i\d^  ^theKng\\sb,  Scotch,  and 
Irish),  and,  for  all  I  should  care  to  svv   *^   .^  i\v6  TOntvavy ,  about  three 
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million  of  them.     There  are  other  dwellei-s  in  the  park,  however;   and 
there  is  room  foi'  them,  seeing  that  the  wall  inclosing  it  runs  a-  f^ood 
8  miles  under  its  chevaiix-tle-frise  of  slate.     There  arc  Indian    pi^mv 
cattle  (a  very  recent  addition),  sheep  from  Iceland  and  Ht.  Kild&,  emus. 
rhea9,  herons,  wild  roe,  and  an  appalling  abundance  of  ganse   and 
domestic  stock  that  would  lireak  the  heart  of  a  cen:^u5  enumerator. 
Then,  too,  there  are  the  wild  boar  recently  presented  by  Hi.s  \f  ajesty 
the  King.     1  assisted  (in  ttic  Frem-hseniieof  the  word)  from  the  seouritr 
of  a  high  wall  in  their  liberation  from  the  crates  in  which  they  Juid 
traveled  overnight;  and  they  arc  now  accommodated  in  an  idea.1  pig- 
gery— foui-teen  acres  of  dry  and  sloping  woodland  fenced  in  and  over- 
looking the  carriage  drive — which  Mr.  Assheton  Smith  had  speciallv 
constructed  for  their  reception.     Of  all  that  disbanded  Windsor  herd, 
none,  I  trow,  will  find  better  quarters.     Vaynol  b&n  no  museum,  for 
the  Squire  likes  his  animals  alive;  but  thei-e  is  a  bijou  menagerie,  from 
which  the  London  Zoo  might  lenrn.     The  monkey  hoii.sc,  for  iostance. 
has  optional  outdoor  playing  gi-ounds,  reached  by  way  of  trees  and  a 
tunnel;  while  the  golden  and  impenal  eagles  are  able  to  stretch  their 
wings  in  lai;ge  inclosures,  and  look  very  different  fi-om  the  pictures  of 
misery  usually  presented  by  these  great  fowl  in  captivity.     And  this, 
I  take  it,  is  the  striking  note  of  difference  between  the  private  and  the 
public  zoo.     The  latter  must  always,  whether  it  be  the  property  of  a 
scientific  society  or  whether  it  be  run  as  a  syndicate  investment,  be 
conducted  on  economic  lines  that  promise  a  return  on  capital  sunk  in 
its  construction  and  upkeep.     The  private  zoo,  on  the  other  hand,  is 
kept  up  solely  for  the  comfort  of  the  animals  and  the  pleasure  of  the 
owner  in  seeing  them  happy  and  prosperous.     There  is  no  question  of 
restricted  quarters,  insufficient  food,  inadequate  artificial  heating  or 
ventilation.     As  much  as  possible  is  left  to  nature,  and  the  rest  is 
very  carefully  adjusted  in  close  imitation  of   her  best  conditions  in 
the   lan<ls    from    which    the.sc   attractive   strangers   were   originally 
brought. ' 
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THE  NATIONAL  ZOO  AT  WASHINGTON."  A  STUDY  OF  ITS 
ANIMALS  IN  RELATION  TO  THEIR  NATURAL  ENVI 
RCNMENT. 

By  Ernrst  Thomhsox  Seton. 


I. 

At  the  bepnning  of  this  century  the  continent  of  North  America 
was  one  vast  and  teeming  game  range.  Not  only  were  the  buffalo  in 
millions  across  the  Mississippi,  but  other  large  game  was  fully  as 
abundant,  though  less  (.-onspiruous.  Herds  of  elk,  numbering  10,000 
or  15,000,  were  commonly  seen  along  the  Upptir  Missouri.  The  ante- 
lope ranged  the  higher  plains  in  herds  of  thousands;  whitetail  deer, 
though  less  gregarious,  wore  seen  in  bands  of  hundred.s;  while  bighoro 
sheep,  though  still  less  disposed  to  gather  in  large  flocks,  were  rarely 
out  of  sigtt  in  the  lower  parti  of  the  eastern  Rockies,  and  it  was  quite 
usual  to  see  several  hundred  blacktail  in  the  course  of  a  single  day's 
travel. 

But  a  change  set  in  when  the  pioneer  Americans,  with  their  horses, 
their  deadly  rifles,  their  energy,  and  their  taste  for  murder,  began  to 
invade  the  newly  found  West, 

The  settlers  increased  in  numbers,  and  the  rifles  became  more  deadly 
each  year;  but  the  animals  did  not  improve  in  speed,  cunning,  or 
fecundity  in  an  equal  ratio,  and  so  were  defeated  in  the  struggle  for 
life,  and  start«>.d  on  the  down  grade  toward  extinction. 

Aside  from  sentimental  or  assthctic.  reasons,  which  1  shall  not  here 
discuss,  the  extinction  of  a  large  or  highly  organized  animal  is  a  serious 
matter. 

1.  It  is  always  dangerous  to  flisturb  the  balance  of  nature  by  remov- 
ing a  poise.     Some  of  the  worst  plagues  have  arisen  in  this  way. 

2.  We  do  not  know,  without  much  and  careful  experiment,  how 
va,st  a  service  that  animal  might  have  done  to  mankind  as  a  domestic 
species. 

The  force  of  this  will  lie  more  apparent  if  we  recollect  how  much 
the  few  well-known  domestic  species  have  done  for  the  advancement  of 

'Reprinted,  by  permission  of  the  autli'ir  and  (^,  rftic  Century  Compwiy,  from  Tht 
ftntary  }fagazinf,  vol.  lis,  Marcli,  1900;  vol.  Ix,   ^,-«,  IWO.    Copyi'^iW^,  IWO. 
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our  race.  Who  caD  decide  which  has  done  more  for  maolcind.  the 
cow  or  the  steam  engine,  the  horse  or  electricity,  the  sheep  or  tfa* 
printing  press,  the  dog  or  the  rifle,  the  ass  or  the  loom?  No  oae. 
indeed,  can  pronounce  on  these,  yet  alt  on  reflection  feel  that  there  L- 
reason  in  the  comparisons.  Take  away  these  inventions,  and  we  are 
put  back  acenturv,  or  perhaps  two;  but  further,  takeaway  the  domes- 
tic animals,  and  we  are  redm-ed  to  a)>soIute  savagery,  for  it  was  they 
who  first  made  it  po-ssilde  for  our  aboriginal  forefathers  to  sst'ttle  In 
one  place  and  learn  the  rudiments  t>f  civilization. 

And  it  is  quite  possible,  though  of  course  not  demonstrable,  tbu 
the  hum))le  chuckle  barn-fowl  has  l>een  a  larger  benefactor  of  our  race 
than  any  mechanical  invention  in  our  possession,  for  then^  is  no  inbah- 
ited  (country  on  earth  to-day  where  the  bam  fowl  is  not  a  mainstay  of 
health.  There  are  vast  nigions  of  South  America  and  Europe  where 
it  is  i/m  mainstay,  and  nowhere  is  there  known  anything  that  can  take 
it8  place,  which  is  probably  more  than  can  be  said  of  anything-  in  the 
world  of  mechanics. 

Now,  if  the  early  hunters  of  these  our  domestic  animals  had  suc- 
ceeded in  exterminating  them  before  their  stock  was  domesticated, 
which  easily  might  have  been,  for  domestication  succeeds  only  after 
long  and  persistent  effort  and,  in  effect,  a  remodeling  of  the  wild 
animal  by  select  lireeding,  the  loss  to  the  world  would  have  Ijeen  a 
very  serious  matter,  proimbly  much  more  serious  than  the  loss  of  any 
invention,  t>c(«use  an  idea,  being  born  of  other  ideas,  can  be  lost  but 
temporarily,  while  the  destruction  of  an  organized  being  is  irreparable. 

And  we  to-day,  therefore,  who  delil>erately  exterminate  any  large 
and  useful,  possibly  domesticable,  wild  nnima),  may  be  doing  more 
harm  to  the  country  than  if  we  had  robbed  it  of  its  navy. 

This  is  the  most  obvious  economic  view  of  the  question  of  extermi- 
nation. But  there  is  another,  a  yet  higher  one,  which,  in  the  end, 
will  prove  more  truly  economic.  We  arc  informed,  on  excellent 
authority,  that  man's  most  important  business  here  is  to  "know 
himself." 

Evidently  one  can  not  comprehend  the  nature  of  a  wheel  in  a 
machine  by  study  of  that  wheel  alone;  one  umst  consider  the  wbole 
machine  or  fail.  And  since  it  is  established  that  man  is  merely  a 
wheel  in  the  great  machine  called  the  universe,  he  can  never  arrive  at 
a  comprehension  of  himself  without  study  of  the  other  wheels  aiao. 
Therefore,  to  know  himself  man  must  study  not  only  himself,  but  all 
things  to  which  he  is  related.  This  is  the  motive  of  all  scieiitiflc 
research. 

There  is  no  part  of  our  environment  that  is  not  filled  with  precious 
facts  bearing  on  the  'great  problem,'  and  the  nearer  they  are  (o  lis 
the  more  they  contain  for  us.  He  who  will  explain  the  house  f(par- 
row's  exemption   from   bacteriological   infections,  the   white  bear's 
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freedom  from  troubles  that  we  attribut«  to  uric  acid  in  the  blood,  or 
the  buffalo's  and  the  flamingo's  immunity  fn>m  the  deadliest  malaria, 
is  on  the  way  to  conferrinjr  like  immunities  on  man.  V/tu'h  advance 
of  science  enables  us  to  get  more  facts  out  of  the  same  source,  so  that 
something  that  is  .studied  to-day  may  yield  a  hundred  times  the  value 
that  it  could  or  did  ten  years  ago;  and  if  that  source  of  knowledge 
happens  to  be  perishable,  one  I'an  do  the  race  no  greater  harm  than  by 
destroying  it. 

The  Sibylline  books  were  supposed  to  contain  all  necessary  wisdom; 
they  were  destroyed,  one  by  one,  because  the  natural  heir  to  that 
^visdom  did  not  realize  their  value.  He  did  waken  up  at  last,  but  it 
wa.s  too  late  to  save  anything  except  a  fragment.  What  Tarquin  did 
to  the  books  offered  by  the  Cumiean  Sibyl,  our  own  race  in  America 
has  done  to  some  much  more  valuable  lK>oks  offered  by  nature.  To 
illustrate:  Each  animal  is  in  itself  an  inexhaustible  volume  of  facts 
that  man  must  have,  to  solve  the  great  problem  of  knowing  hhnself. 
One  i>y  (»ne,  not  always  delilK-rately,  these  wonderful  volumes  have 
been  destroyed,  and  the  facts  that  might  have  lieen  read  in  them  have 
been  lost. 

It  is  hard  to  imagine  a  greater  injury  to  the  world  of  thought, 
which  is,  after  all,  the  real  world,  than  the  destruction  of  one  of  these 
wonderful  unread  volumes.  It  is  possible  that  the  study  of  "man" 
would  suffer  more  by  the  extinction  of  some  highly  organized  animal 
than  it  did  by  the  buniing  of  the  Alexandrian  library.  This  is  why 
men  of  science  have  striven  so  eiirnestly  to  save  our  native  animals 
from  extinction. 

In  1878  there  were  still  millions  of  buffalo  in  the  West.  That  year 
the  Northern  Pacific  Kailroad  opened  up  the  Missouri  region,  and 
the  annual  slaughter  was  greatly  incrpa.sed.  In  1S82  there  were  still 
thousands  of  buffalo.  In  1884  all  wore  gone  but  a  few  small,  scattered 
Imnds.  In  1HS5  there  were  prol>ably  less  than  Jive  hundred  buffalo 
left  alive  in  the  I'nited  States,  In  IHHCt  an  expedition  fitted  out  by 
the  tiovernment  secured  with  great  difficulty  enough  specimens  to 
make  the  mounted  groujw  in  the  National  Museum,  and  it  was  then 
clear  that  unles.s  the  authorities  took  immediate  and  vigorous  step.s, 
the  buffalo,  within  a  year  or  two,  would  cease  to  exist, 

About  this  time  there  appeared  a  number  of  articles  by  well-known 
ohwrvei-s,  chilling  attention  to  the  fact  that  the  buffalo's  fate  was  also 
awaiting,  in  the  near  future,  all  our  finest  animals,  the  probable  order 
of  extinction  l)eing  buffalo,  elk,  anUiIope,  moose,  l)ighorn  sheep, 
mountain  goat,  nmle  deer,  Virginia  de^r-  and  the  farthest  proltable 
date  for  the  1'utble.ss  consummation  \vii-  put  at  twenty  years  hence. 
It  required  no  great  argument  to  cony;  ^,\ve  pu>Aic  of  the  truth  of 

these  writers'  main  statements.     It  Wj.   M*^  ,'^ottstWt  wo^possMe  good 
was  to  be  gained  by  exteruiinatinir     H  yV     ^vniVcss  awmala,  lor  the 
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love  of  slaughter,  not  the  need  for  their  skin,  fleah,  or  range,  was  it 
incentive;  and  the  public,  though  not  yet  able  to  look  on  tbese  anim^ 
ae  the  student  does,  nevertheless  realized  that  it  was  about  to  be  rob'- 
of  something  valuable  by  a  few  mean-spirited  and  selfish  hunters. 

Additional  point  was  given  to  the  obvious  moral  by  the  ci  rcuDistsD'' 
that,  through  its  far-reaching  system  of  coiTeepondenc«,  the  Sniiti^ 
sonian  Institution  was  continually  receiving  gifts  of  living  animal-,  i 
which,  for  lack  of  space  to  keep  them,  had  either  to  be  turned  int  ' 
dead  specimens  or  given  away  to  outside  zoos,  or  else  returned  to  tiwir 
donors. 

This  was  the  state  of  affairs  in  1887,  when  the  newly  appointed  So- 
retary  of  the  Institution,  Mr.  S.  P.  Langloy,  who,  though  an  astrono- 
mer and  a  physicist,  had  been  very  strongly  impressed  l>y  the  f»i 
that  all  our  largest  and  most  interesting  native  animals  were  rapjdlv 
approaching  extinction,  conceived  the  idea  of  securing  a  tract  of  w>un- 
try,  as  primitive  as  possible,  that  might  be  made  a  lasting-  city  of 
refuge  for  tlie  vanishing  i-aces.  This  was  the  main  idea,  when  fir-l 
Mr.  I^ngley  went  before  Congress  to  urge  the  establishment  of  > 
national  :ioologica1  park. 

In  all  ages  it  has  been  the  custom  of  potentat«s  to  keep  a  collection 
of  wild  animals  for  their  amusement,  and  the  American  people,  heinp 
their  own  ruler,  had  numberless  precedents  before  them  when  urged 
to  make  this  much-needed  collection  of  animals. 

In  such  a  case  the  advantage  of  a  monarchy  is  that  only  one  man 
must  be  convinced,  whereas  in  the  republic  the  consent  of  a  majority' 
of  seventy  millions  had  to  he  obtained. 

This  took  time.  Fierce  battles  had  to  De  fought  with  ignorant  and 
captious  politicians.  One  objected  that  he  did  not  see  why  the  people 
should  pay  "to  have  the  Nebraska  elk  and  Florida  alligators  cooped 
up."  If  they  had  to  spend  money  for  it  they  would  want  things  they 
could  not  see  at  home — dog-fa<'t>d  baboons,  kangaroos,  man-eating 
tigers,  etc.  Another,  a  feiTent  patriot,  objected  to  any  money  being 
spent  on  exotic  species,  as  it  was  contrary  to  the  spirit  of  the  Consti- 
tution to  encourage  or  import  foreigners! 

Altogether  the  Secretary  of  the  Smithsonian  found  it  no  easy  hill  to 
carry,  though  it  wa^i  indorsed  by  nearly  every  scientist  and  cdumtor 
in  the  country. 

After  three  years  of  persistent  effort,  involving  vastly  more  worry 
than  the  management  of  the  whole  Smithsonian  Institution  for  three 
times  that  period,  Mr.  Langlcy  succeeded  in  carrying  both  Houses  of 
Congress  over  the  successive  stages  of  ridicule,  toleration,  and  favor- 
able consideration,  to  the  point  of  accepting  and  providing  for  the 
scheme. 

An  appropriation  was  made  for  a  national  zoological  park  to  be  -. 
established  in  the  District  of  Columbia  for  the  "advancement  of 
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■science  and  the  instruction  and  amusement  of  the  people,"  as  well  as  a 
city  of  refuge  where  those  "native  animals  that  were  threatened  with 
extinction  might  live  and  perpetuate  their  species  in  peace." 

An  appropriation  of  f200,000  was  made,  but  it  was  clogged  with 
several  irksome  conditions.  One-half  the  expense  was  to  be  paid  by 
the  District  of  Columbia,  thereby  giving  the  commission  a  control 
which  changed  the  plan,  making  the  collection  more  like  the  ordinary 
men^erie.  No  animals  were  to  be  bought,  which  was  much  like  a 
rich  man  building  himself  a  picture-gallery,  and  saying,  ^'Now,  if  my 
friends  choose  to  present  me  with  pictures,  all  right,  I'll  house  them; 
but  Pve  done  enough  for  myself  in  building  the  gallery."  And  yet, 
though  falling  short  of  its  promoter's  original  wish,  the  scheme  has 
notably  progressed,  and  no  one  who  is  capable  of  measuring  the  future 
of  the  institution  can  doubt  that  in  founding  this  park,  where  those 
^'  native  animals  that  were  threatened  with  extinction  might  live  and 
perpetuate  their  species  in  peace,"  Congress  has  done  more  for  the 
learning,  science,  and  amusement  of  the  nation  than  it  would  in 
expending  a  much  lai^r  amount  in  a  university,  a  theater,  and  a 
choice  library  combined;  for  the  fields  of  the  three  are  already  well 
covered,  but  the  |Mirk,  by  preserving  the  nation's  heritage  of  wild 
animals,  has  opened  important  regions  of  biological  research  and 
zoological  art. 

He  was  a  wise  old  farmer  who  said  to  his  son,  "  John,  make  sure 
of  your  land,  and  everything  else  will  take  care  of  itself."  The  whole 
appropriation  was  wisely  expended  in  securing  land,  and  although 
scientists  have  not  the  highest  reputation  for  business  sense,  the 
Park's  projector  was  enough  of  a  business  man  to  secure  land  that 
would  now  fetch  at  least  ten  times  what  was  paid  for  it  ten  years  ago. 
It  comprises  167  acres  of  land,  beautifully  diversified  with  woods 
and  streams,  in  the  suburbs  of  the  city  of  Washington — land  which 
the  Secretary  had  diKcovered  yearw  before  when  on  rides  for  recrea- 
tion, and  the  absolute  fitness  of  which  for  the  purpose  in  hand  had 
licen  helpful  in  developing  the  original  plan.  It  included  the  histor- 
iral  grounds  and  building  of  the  Quincy  Adams  Mill  and  the  classical 
old  Holt  House;  but,  lietter  still,  it  secured  a  region  that  had  always 
been  a  familiar  resort  of  the  native  birds  and  quadrupeds  of  the  Dis- 
trict of  Columbia,  affording  the  best  of  expert  testimony  in  favor  of 
its  salubrity.  Mr.  Ijangley  recognized  the  merit  of  Mi".  W.  T.  Horna- 
day,  the  well-known  naturalist  and  taxidermi.'^t,  and  obtained  his  able 
aud  energetic  superintendence  during  the  earliest  formative  period  of 
the  park;  and  when  he  was  called  to  duties  elsewhere,  Dr.  Frank 
Baker  took  up  the  burden,  and,  under  th©  direction  of  the  Secretary, 
whose  other  dutie.-^  have  never  interf^^  ,  -^tji  the  attention  he  has 
given  to  his  own  creation  {the  park),  it  v ^*^  i^eti ca^^i**^  ^"^  "^^'^  *'' *^® 
aucceas  that  could  be  expected  under  Cfx^^  ,  p^oiiiiaietivate  support. 
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Thus  the  National  '/.o»  was  founded  iindor  conditions  that  illustn 
in  a  curioiu  way  the  adag«  that  tho  onlooker  seea  more  than  tt 
players.  Goethe,  tho  poet,  surrounded  by  soologiete,  wa.s  the  first : 
point  the  true  way  for  zoological  science;  it  wek  for  Franklin,  ti 
philosopher- printer,  to  t«ach  his  contemporaries  how  a  jjerfect  fin 
place  nii^bt  he  made;  and  so  also  Langley,  the  physicist,  thoug'h  sur 
rounded  hy  zoologists,  has  heen  the  first  to  discern  the  pressing'  ne--. 
of  the  study  of  American  zoology. 

The  circumstances  which  led  up  to  the  idea  were  then  unui^ual,  as  tbt 
plan  itself  wa-s  unique.    There  have  been  many  menageries  in  whicb  th. 
animals  were  confined  in  box  cages,  and  there  have  l>een  many  gam* 
parks  where  the  various  animals  inclosed  have  wandered  at  will,  with 
no  barrier  but  the  outward  wall  of  the  grounds;  but  this  waH  to  be  tbi- 
first  zoolc^ical  collei^tion  in  which  each  kind  of  animal  was   to   hare  ■ 
park  of  its  own,  where  it  could  live  as  its  race  should  live,  smon^ 
natural  surroundings,  with  as  little  restraint  as  was  compatible  witb 
its  safe-keeping.     The  available  acreage  was  Imrely  enough  to  allow  of 
the  park  s(^heme  being  extended  to  our  more  important  native  animals, 
so  that  the  foreigners,  particularly  those  from  the  tropic  regiont^,  an* 
perforce  managed  as  in  the  better  class  menageries  elsewhere.     But 
the  glory  of  the  place  is  in  its  individual  parks.     The  fencing  used  i- 
of  the  invisible  kind,  which  rarely  intrudes  itt^elf  on  the  obser\'er,  and 
yet  is  strong  enough  to  i-estraia  the  biggest   buffalo.     The  ample 
stretches  of  woods  and  hills  in  each  inclosure  are  unmarred  by  il^  lines, 
and  the  effect  is  as  nearly  as  passible  of  seeing  animals  in  the  open. 

Here  they  live,  and  no  doubt  enjoy  their  lives,  and  the  observer  has 
a  chance  to  see  them  pretty  nmch  as  they  were  in  their  native  range. 
They  group  themselves  naturally  among  trees  and  rocks,  while  the 
uneven  ground  induces  attitudes  of  endless  variety,  and  the  close 
imitation  of  natural  conditions  causes  the  animals  to  resume  thfi 
habits  native  to  their  lives  in  a  wild  state,  thus  affording  the  zoologist 
and  the  artist  an  opportunity  for  study  never  before  equaled  among  ' 
captive  animals. 

The  stihemo  is  of  course  in  its  infancy  yet.  Wonders  have  be«i 
done  with  small  appropriations,  but  many  of  its  essential  divisions  have 
not  yet  been  touched. 

The  antelope  are  provided  with  a  little  plain,  and  the  deer  have  a 
small  woodland  whei'e  none  can  harm  them  or  make  them  afraid. 
The  buffalo  has  its  little  rolling  pi-airie  land,  where  it  may  bring  forth 
its  young  without  fear  of  the  deadly  omnipi-esent  rifle,  and  regardlesii 
of  its  ancient  foe,  the  ever-near  gray  wolf,  that  used  to  hang  on  the 
outskirts  of  the  herds  to  kill  the  mother  at  her  helpless  time,  or  fail- 
ing, to  sneak  around,  ready,  like  an  ari'ow  in  a  bent  bow,  watching  his 
chance  to  spring  and  tear  the  tender  oilf.  ^ 

Here,  indeed,  the  elk  can  bugle  his  far-sounding  love-song  in  the 
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fall,  vpithout  tbcrreby  making  his  utand  the  ceater  of  a  rush  of  ruthless 
hunters.  But  many  of  our  forest  animals  are  still  unprovided  for. 
The  bighom  sheep,  the  coast  blacktail,  the  mule  deer,  the  moose,  and 
the  mountain  goat,  as  well  as  the  grizzly  liear,  so  rapidly  following 
the  buffalo,  have  as  yet  no  refuge  in  the  National  Zoo. 

It  is  too  late  to  talk  of  such  species  as  the  great  auk,  the  Labrador    ' 
duck,  and  the  West  India  seal;  and  in  one  year,  or  at  most  two  years, 
unless  Congress  is  willing  to  devote  the  price,  or  at  least  half  the  price, 
of  a.  single  big  gun  to  it,  the  world  will  have  lost  forever  the  great 
Alaskan  bear,  the  largest  and  most  wonderful  of  its  race. 

II. 

The  paddoi'k  immediately  to  the  left  on  entering  by  the  west  gate  of 
the  iCoological  Park  brings  us  face  to  fiu-e  with  the  first  game  animals 
that  mot  the  eyes  of  the  Pilgrim  Fathers,  as  well  as  those  of  the  first 
settlers  of  Virginia;  and  it  is  tolerably  certain  that  General  Washing- 
ton himself  hunted  the  superb  creature,  the  Virginia  deer,  over  this 
very  ground  where  it  is  now  protetrted  in  the  city  of  Washington  and 
assured  a  little  land  of  lasting  pea<;e. 

Of  all  the  Amerirnn  game  animals  the  Virginia  or  whitetail  deer  is 
the  greatest  success  as  a  species;  that  is,  it  has  developed  a  better  com- 
bination of  hardiness,  fecundity,  speed,  intelligence,  keen  wits,  and 
adaptability  than  any  of  its  relHtives,  and  therefore  maintains  itself 
better  in  spite  of  the  hunter.  Its  ancient  range  covered  all  of  the 
United  States  east  of  the  Itoekies,  as  well  as  part  of  Canada,  and 
to-day,  notwithstanding  guns,  more  numeixtus  and  deadly  each  year, 
there  are  whitetail  deer  in  every  part  of  their  original  range  that  still 
contains  primitive  woods. 

In  the  list  giving  the  probable  order  of  extinction  of  our  great  game 
it  will  he  seen  that  the  Virginia  deer  stands  last,  despite  the  fact  that 
it  is  the  only  one  in  that  list  whose  home  is  in  the  thickly  settled  East- 
ern States.  An  incident  will  show  the  respect  in  which  hunters  hold 
the  whitetaiPs  gift  for  taking  care  of  himself. 

During  Octol)er  of  18Hii  I  was  staying  at  a  camp  on  the  east  side  of 
tlie  Rockies.     One  morning  a  miner  came  in  and  reported  that  he  had 
started  four  dcei'  less  than  a  mile  away.     Meat  was  scarce,  and  a  hunter 
present  Itecame  keenly  interested. 
"Whitetails  or  blocktuilsr'  said  he. 
"  Whitetails,"  said  the  miner. 

"That  settles  it,"  said  the  hunter,  resuming  Ins  seat  by  the  fire. 
"  If  they  were  blacktails  I'd  get  one  witVifl  ft  mile,  but  a  scared  white- 
tail  knows  too  much  for  me," 

Although  some  of  the  deer  in  this  -^  Ao^^^*^'^  Vjorn  m  the  park, 
they  dhow  many  of  their  wild  habits.  \\^  - ««  \Vc  \vea.tol  the  day  they 
lie  bidden  among  the  bushes  at  the  b.      V^v     A  o^  ^W\r  ■ta»ge-,  Wt  early 
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in  the  morning  or  late  in  the  evening  they  come  to  the  watering'  plaet 
in  the  open,  &nd  if  alariiied  there  the;  make  for  the  trees,  raising  and 
waving  as  they  go  the  "white  flag"  famous  in  all  hunting  lore. 

This  conspicuous  action  might  seem  a  mistake  in  an  animal  that  l- 
seeking  to  escape  unnoticed;  but  the  sum  of  advantage  in  the  habit  i- 
with  the  deer,  or  he  would  not  do  it,  and  its  main  purpose  will  be  seen 
in  one  very  important  and  frequent  situation.  A  mother  deer  ha^- 
detected  danger;  she  giveis  a  silent  hut  unmistakable  notification  to 
her  fawns  by  raising  the  "danger  flag,"  a  white  one  in  this  case;  Aod 
then  when  she  leads  away  through  the  woods  they  are  enabled  to  keep 
sight  of  her  in  the  densest  thickets  and  darkest  nights  by  the  aid  of 
the  shining  beacon,  which  is  waved  in  a  way  peculiar  to  this  specie:^ 
and  is  not  therefore  liable  to  be  mistaken  for  the  white  patch  oo  any 
other  animal. 

In  the  sign  language  of  the  Indians  the  gesture  for  whitetail  deer  L" 
made  up  of  the  general  sign  for  deer,  and  then  a  waving  of  the  flat 
open  hand  with  Angers  up,  in  imitation  of  the  banneret  as  it  floats 
away  through  the  woods. 

The  form  adopted  for  the  whitetails'  paddock  is  the  result  of  expe- 
rience. It  was  found  that  the  animals  l>ecame  alarmed  sometimes  and 
dashed  along  the  invisible  fences,  until  suddenly  met  by  another  at 
right  angles,  and  in  this  way  several  were  hurt;  but  the  ioiproved 
plan  of  substituting  obtuse  angles,  or  a  curve  at  the  corners,  c&u9e» 
them  to  be  turned  aside  without  injurj'. 

One  can  not  linger  many  minutes  by  the  Virginia  deer  paddock 
without  seeing  some  of  those  gorgeous  Asiatics,  the  peacocks,  walking 
about  among  the  thicket  or  negotiating  the  wire  fences  with  absolute 
precision  whenever  it  suit"  their  purpi>se  to  do  so.  The  original  half 
dozen  birds  have  increased  to  a  hundred,  and  the  vast  stretch  (several 
hundred  acres  for  them)  of  broken,  wooded  country  is  so  perfectly 
suited  to  their  needs  that  they  give  us  a  very  good  imitation  of  life  in 
the  Indian  jungle.  During  the  winter  they  roam  about  in  promiscu- 
ous troops,  but  when  the  early  spring  comes  and  the  cock  is  in  his  full 
regalia  ^e  mating  instinct  prompts  them  to  scatter,  and  each  family 
withdraws  to  a  part  of  the  jungle — the  park,  I  mean — that  is  under- 
stood to  be  theirs,  and  to  defend  which  the  cock  is  ready  to  do  battle 
with  all  feathered  intruders. 

Close  to  the  deer  paddock  is  a  sunny  open  glade  that  was  for  long- 
the  special  domain  of  one  particular  peacock.  All  about  it  is  thich 
shrubbery,  where  the  soberly  dressed  hens  might  have  been  seen  qnietly 
moving  about,  paying  no  obvious  heed  to  their  gorgeous  partner,  who 
mounted  habitually  on  a  little  sand  bank  and  spread  and  quivered  his 
splendid  jewelry  in  the  snn,  turning  this  way  and  that  way  to  get  the 
best  eflfect,  occasionally  answering  the  far-away  call  of  some  rival  with 
a  defiant  ''qua,"  or  replying  to  the  dynamite  explosions  in  a  near 
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quarry  with  a  peculiar  "bizz,"  the  exact  meaoing  of  which  1  have 
foiled  to  discover. 

The  daily  display  here  and  in  many  parts  of  the  park  gives  the 
observer  a  chance  to  see  the  geometric  perfection  of  the  pattern  made 
by  the  "eyes"  when  the  peacock's  train  is  raised.  I  reproduce  a  dia- 
gram of  this  made  and  published  some  yeairs  ago,  when  first  I  discov- 
ei'ed  the  mathematics  of  this  miracle  in  feathers.     (Plate  III.) 

On  crossing  the  road  from  the  deer  paddock  toward  the  middle  and 
more  open  part  of  the  park  the  stranger  is  likely  to  come  suddenly 
on  a  band  of  antelope.  They  seem  to  be  grazing  along  their  native 
upland  prairie,  not  far  from  timber,  and  the  visitor,  if  he  have  any  of 
the  feeling  of  the  hunter-naturalist,  is  sure  to  feel  the  same  little  thrill 
that  would  come  if  he  met  with  them  thus  in  the  wild  West.  He  has 
ample  time  to  admire  and  watch  their  changing  and  picturesque  group- 
ing before  he  realizes  that  l>etween  him  and  them  is  the  slight  but 
necessary  wire  fence.  The  eifect  of  this  invisible  fence  is  seen  on 
the  animals  if  they  have  been  undisturbed  for  .some  hours,  as  well  aa 
on  the  onlooker;  for  the  sudden  appearance  of  a  human  being  close 
at  hand,  with  no  massive  screening  barrier  lietween,  causes  them  to 
behave  for  a  moment  much  as  they  did  when  wild  and  free,  and  their 
sbirtlement  i.s  erpres.-sed  in  pose  and  act  exactly  as  it  might  have  been 
on  their  native  wilds;  but  they  soon  realize  that  they  are  safe  and  no 
barm  is  done.  The  erected  mane  and  rump  pat<;h  sink  and  the  ani- 
mals resume  their  feeding,  leaving,  nevertbele^ts,  on  the  air  a  peculiar 
musky  odor  that  is  quite  strong  when  one  i.s  on  their  lee  side. 

Some  years  ^o,  while  riding  across  the  upland  pmirie  of  the  Yel- 
lowstone, not  very  far  from  where  the.-je  vei-y  antelope  had  been  cap- 
tured, I  noticed  certain  white  specks  in  the  far  distance.  They  .showed 
and  disappeared  several  times,  and  then  began  moving  southward. 
Then,  in  another  direction,  I  discovered  other  white  specks,  which 
also  seemed  to  flash  and  disappear.  A  glass  showed  them  to  be  ante- 
lope, but  it  did  not  wholly  explain  the  flashing  or  the  moving  which 
ultimately  united  the  two  bands.  I  made  note  of  the  fact,  but  found 
no  e.xplanation  until  the  opportunity  came  to  study  the  antelope  in  the 
Washington  Zoo.  1  had  been  quietly  watching  the  grazing  herd  on 
their  hillside  for  some  time;  in  fact,  I  was  sketching,  which  is  quite 
the  best  way  to  watch  an  animal  minutely.  I  was  so  quiet  that  the 
antelope  seemed  to  have  forgotten  me,  when,  contrary  to  rules,  a  dog 
chanced  into  the  park.  The  wild  antelope  habit  is  to  raise  its  head 
every  few  moments  while  grazing,  to  keep  a  sharp  lookout  for  danger, 
and  these  captives  kept  up  the  practice  of  their  race.  The  first  that 
did  80  saw  the  dog.  It  uttered  no  sound,  but  gazed  at  the  wolfish- 
looking  intruder,  and  all  the  long  white  hairs  of  the  rvvmp  patch  were 
raised  with  a  jerk  that  made  the  pat«U  t\a»h  i"  ^^^  s^'^  ^^^*'  *  *'^"  P*"- 
Every  one  of  the  grazing  antelope  saw  .t,«  flash,  tQ,'^eaX*i."*™^anUy, 
8M  1901 45  ^ 
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and  raised  his  bead  to  gaze  in  the  direction  where  the  first  was  gazing. 
At  the  same  time  I  noticed  on  the  wind  a.  peculiar  musky  smell — a 
smell  that  certaiDly  came  from  the  antelope. 

Some  time  later  the  opportunity  came  to  make  a  careful  dissection 
of  the  antelope's  rump  patch,  and  the  keystone  to  the  arch  of  facts  was 
supplied.  My  specimen,  taken  in  Jacksons  Hole,  was  a  male  under 
six  months  old,  so  that  all  the  proportions,  and  indeed  the  character, 
are  much  less  developed  than  in  the  adult.     (Plate  III.) 

The  fresh  skin  was  laid  flat  on  a  board,  and  then  the  pattern  and 
mechanism  of  the  inimp  patch  were  clearly  seen.  The  hairs  at  the 
upper  part  of  the  patch  (A)  were  3f  inches  long,  grading  to  the 
center  {B)  and  lower  parte,  where  they  were  only  1^  inches  long,  ail 
snowy  white,  and  normally  lying  down  flat,  pointing  toward  the  rear. 
At  the  point  B,  among  the  roots  of  the  hair,  was  a  gknd  secreting  a 
strong  musk.  On  the  under  side  of  the  skin  was  a  broad  sheet  of  mus- 
cular fibers,  which  were  thickest  around  B;  they  have  power  to  change 
the  direction  of  the  hair,  so  that  all  l>elow  B  stands  out,  and  all  above 
is  directed  forward.  As  soon,  therefore,  as  an  antelope  sees  some 
strange  or  thrilling  object,  this  nmscle  acts,  and  the  rump  patch  is 
changed  in  a  flash  into  a  great  double  disk  or  twin  chrysanthemum  of 
white,  that  shines  afar  like  a  patch  of  snow;  but  in  the  middle  of  each 
bloom  a  dark  brown  spot,  the  musk  gland,  is  exposed,  a  great  quantity 
of  the  odor  is  set  free,  and  the  mess^^  is  read  by  all  those  that  have 
noses  to  read. 

Of  all  animals  man  has  the  poorest  nose;  he  has  virtually  lost  the 
sense  of  smell,  while  among  the  next  animals  in  the  scale  scent  is  their 
best  faculty;  yet  even  man  can  distinguish  this  danger  scent  for  many 
yards  down  wind,  and  there  is  no  reason  to  doubt  that  another  ante- 
lope can  detect  it  a  mile  away. 

Thus  the  observations  on  the  captive  animals  living  under  normal 
conditions  prove  the  key  to  those  made  on  the  plains,  and  I  know  now 
that  the  changing  flecks  in  the  Yellowstone  uplands  were  made  by  this 
antelope  heliograph  while  the  two  bands  signaled  each  other,  and  the 
smaller  band,  on  getting  the  musky  message,  "Friends,"  laid  aside  all 
precaution  and  fearlessly  joined  their  relations. 

This  animal  has  five  different  sets  of  glands  about  it,  each  exuding  a 
different  kind  of  musk  for  use  in  it^  daily  life,  as  a  means  of  getting 
and  giving  intelligence  to  its  kind.  These  are  situated  one  on  each 
foot  between  the  toes,  one  on  each  angle  of  the  jaw,  one  on  the  back 
of  each  hock,  one  on  the  middle  of  each  disk  on  the  nunp,  and  one  at 
the  base  of  the  tail. 

Those  on  the  jaw  seem  related  to  the  sexual  system,  aa  they  are 
largest  in  the  buck;  those  on  the  rump,  as  seen,  have  a  place  in  their 
heliogi-apbic  code;  and  the  purpose  of  the  others,  though  not  yet  fully 
worked  out,  is  almost  certainly  to  serve  in  conveying  the  news.    To 
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illustrate:  An  antelope  passes  along  a  rcrtaiti  plain,  eatu  at  one  place, 
drinks  at  another,  lies  down  at  a  third,  is  pursued  by  a  wolf  for  half  a 
mile,  when  the  wolf  gives  up  the  unequal  race,  and  the  antelope  escapes 
at  his  ease.  A  second  antelope  comes  along.  The  foot  scent  from  the 
interdigital  glands  marks  the  course  of  his  relative  as  clearly  for  him 
an  the  track  in  the  snow  would  for  us.  lt«  strength  tells  him  some- 
what of  the  time  elapsed  since  it  was  made,  and  its  individuality  t«lls 
him  whether  his  predecessor  was  a  stranger  or  a  personal  friend,  just 
as  surely  as  a  dog  can  tell  his  master's  track.  The  frequency  of  the 
tracks  shows  that  the  first  one  was  not  in  haste,  and  the  hock  scent, 
exuded  on  the  plants  or  ground  when  he  lay  down,  informs  the  second 
one  of  the  action.  At  the  place  where  the  wolf  was  sighted,  the  sudden 
diffusion  of  the  rump  musk  on  the  surrounding  sagebrush  will  be  \)er- 
ceptiblc  to  the  newcomer  for  hours  afterwards.  The  wide  gaps  between 
the  traces  of  foot  scent  now  attest  the  speed  of  the  fugitive,  and  the 
cause  of  it  is  clearly  read  when  the  wolf  trail  joins  on.  This  may  sound 
a  far-fetched  tale  of  Sherlock  Holmes  among  the  animals,  but  not  so 
if  we  remember  that  the  scent  faculty  is  better  than  the  sight  faculty 
in  the.se  animals,  while  their  sight  faculty  is  at  least  as  good  as  ours, 
and  that,  finally,  if  all  this  had  been  in  the  snow  we  also  could  have 
read  it  with  ab.solutc  precision. 

The  prongborned  antelope,  or  prongbuck  of  books,  is  the  only 
horned  ruminant  in  North  America  that  baa  only  two  hoofs  on  each 
foot.  Nature'.'*  economic  plan  has  been  to  remove  all  parti*  that  cease 
to  bo  of  use,  and  .so  save  the  expense  of  growing  and  maintaining  them. 
Thus  man  is  losing  his  back  or  wisdom  teeth  since  civilized  diet  is 
rendering  them  useless.  The  ancestor  of  the  antelope  had  four  hoofs 
on  each  foot,  like  a  deer  or  a  pig,  but  the  back  pair  on  each  foot  has 
bopii  dropped.  At  an  earlier  step  the  common  ancestor  of  antelope 
and  doer  had  five  well -developed  toes  on  each  extremity,  but  it  seems 
that  while  this  makes  an  admirable  foot  for  wadding  in  treacherous 
swamps,  it  is  for  mechanical  reasons  a  slow  foot;  the  fewer  the  toes 
the  greater  the  speed.  The  deer  still  living  in  swamps  could  not 
afford  to  dispense  entirely  with  the  useful  little  hind  or  mud  hoof. 
There  they  aie  still  for  bog  use,  though  much  modified  from  the  original 
equal-toed  type,  more  nearly  shown  in  the  pig.  But  the  antelope, 
living  on  the  hard,  dry  uplands  had  no  use  for  l)ogtrotters,  and 
exchanged  them  for  a  higher  rate  of  speed,  so  that  it  now  has  only  two 
toPS  on  each  foot. 

The  horse  family  went  yet  further,  for  they  lived  in  a  region  where 
evolution  went  faster.  They  shunned  the  very  neighborhood  of  swamps; 
all  their  life  was  spent  on  the  firm,  dry.  \evel  coutitvy  -,  wpeeii  and  sound 
feet  were  their  very  holds  on  life,  wi\  these  t\ie^  ■flAa.Kv.'v&vivfti  a.1  ttic'w 
highest  pitch  by  adopting  a  foot  witl^  \i>S^^  \iooVc\vvi.\«c. 
There  is  one  other  remarkable  p^^ !  Ai>'  ^^  ^®  ».«^Rl-wjft  \«  wote. 
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and  that  is  its  boms.  The  ox  and  sheep  tribes  of  the  world  have  sim- 
ple boms  of  true  homy  material  permanently  growing  on  a  bony  core 
which  is  part  of  the  skull.  The  deer  have  boms  of  branched  form 
and  of  bony  material  sprouting  from  the  head,  but  dropping  off  to  be 
renewed  each  year.  Our  antelope  is  the  only  animal  in  tbe  world 
whose  weapons  are  of  true  born  growing  on  a  bony  core,  as  in  tbe  ox 
tribes,  yet  branched  and  dropping  off  each  year,  as  in  tbe  deer. 

It  is  now  an  axiom  of  science  that  not  the  smallest  detail  is  without 
a  distinct  purpose,  for  which  it  has  been  carefully  adapted  after  ages 
of  experiment;  yet  long  ago  Darwin,  tbe  apostle  of  tbe  belief,  con- 
fessed himself  puzzled  by  tbe  form  of  tbe  antelope'H  bornu.  It  seemed 
as  though  a  simple,  straight  spike  would  be  so  much  more  effective. 
If  the  great  philosopher  had  been  with  me  in  tbe  Washington  Zoolog- 
ical Park  that  day,  his  puzzle  would  have  been  solved  for  him  by  two 
of  the  antelopes  themselves.  Tbey  were  having  one  of  their  period- 
ical fights  for  the  mastery;  they  approached  with  nosea  to  the  ground, 
and  after  fencing  for  an  opening  they  closed  with  a  clash,  and  as  tbey 
thra-it  and  paiTied  the  purpose  of  the  prong  was  clear.  It  served  tbe 
antelope  exactly  as  the  guard  on  a  bowie-knife  does  a  Mexican  or  that 
on  a  foil  does  a  swordsman,  for  countless  thrusts  that  would  have 
slipped  up  the  horn  and  reached  the  bead  were  caugbt  with  admirable 
adroitness  in  this  fork. 

And  the  intumed,  bannless-looking  points!  I  had  to  watch  long 
before  I  saw  bow  dangerous  they  might  be  when  the  right  moment 
arrived.  After  sijveral  moments  of  fencing  one  of  the  bucks  got  under 
the  other  one's  guard,  and  making  a  sudden  thrust,  which  the  other 
failed  to  catch  in  tbe  fork,  be  brought  his  inturned  left  point  to  l)ear 
on  tbe  unprotected  throat  of  his  opponent,  who  saved  himself  front 
injury  by  rearing  quickly,  though  it  seemed  to  me  that  such  a  move 
could  not  have  stopped  a  fatal  thrust  if  they  had  really  been  fighting 
a  deadly  duel. 

III. 

It  is  a  common  saying  among  keepers  that,  averaging  one  animal 
with  another,  a  menagerie  must  be  renewed  every  three  years.  Yet 
I  know  of  one  managei"  who  kept  most  of  his  animals,  those  of  Wood- 
ward's Garden.s,  San  Fran<afco.  alive,  healthy,  and  happy  from  the 
beginning  of  his  time  to  the  end,  sixteen  yeai-s  later,  when  the  astab- 
lishment  was  broken  up,  and  the  animals  wore  ordered  to  be  shot  i" 
their  cages.  The  great  secret  of  his  success,  he  tells  me.  was  caring 
for  their  minds  as  well  as  for  their  bodies. 

It  is  a  well  known  fact  that  lions  and  many  other  animals  in  traveling 
circuses  are  healthier  and  live  longer  than  those  in  ordinary  menage- 
ries. At  first  one  might  think  that  tbe  traveling  animals  get  more 
fresh  air  and  exercise  than  tbe  others.  Yet  this  is  not  the  case,  for  the 
circus  cage  is  alwavs  very  small  and  cntuiped.     While  traveling  it  is 
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usually  sbut  up,  and  when  showing  it  is  in  the  tent,  always  a  drsftyf 
ill- ventilated,  foul-smelling  place.  The  great  advantage  of  the  circus 
is  the  constant  change  of  scene — the  varied  excitements  that  give  the 
animals  something  to  think  about,  and  keep  them  from  torpid  habits 
and  mental  morbidness. 

It  has  long  been  known  that  caged  animals,  especially  the  highly 
organized  kinds,  suffer  from  a  variety  of  mental  diseases.  Mr.  Ohni- 
muH,  the  superintendent  referred  to,  informs  me  that  camels  and  several 
other  species  commonly  end  their  cage  lives  in  lunacy.  The  camels 
turned  loose  in  Anzona  some  yeai's  ago  were  reduced  at  length  to  one 
old  male.  In  course  of  time  bis  solitary  life  affected  his  brain.  Accord- 
ing to  lo<:al  tradition,  he  went  crazy,  and  used  to  attack  every  living 
creature  near,  until  he  was  killed  by  a  mounted  cowboy  whom  he  had 
pursued  with  murderous  intent. 

Captive  bears  are  apt  to  fall  into  a  .-iort  of  sullen  despondency. 
Foxes  and  eats  often  go  crazy,  and  no  matter  how  obviously  mental 
the  disease,  it  is  usually  set  down  to  hydrophobia,  and  the  unanswered 
question  is,  How  did  they  get  itf  r>og8  that  are  constantly  chained 
up  commonly  become  sullen  and  dangerous.  The  higher  apes  and 
halK>ons  rarely  thi-ive  in  cages.  Soon  or  late  they  become  abnormally 
vicious,  or  else  have  a  complete  physical  breakdown.  All  this  is  so 
human,  and  so  emphasizes  the  great  truth  of  evolution,  that  the  wise 
keeper  seizes  on  the  cue,  and  in  bis  management  of  his  charges  treats 
them  like  human  beings  of  a  lower  development  than  himself. 

Many  a  man  shut  up  in  a  cell  has  saved  his  mind  by  inventing  some 
trifling  amusement.  It  is  recorded  that  one  set  a  daily  watch  on  the 
movements  of  a  spider.  Anothei'  trie<i  how  many  times  he  had  to  toss 
five  pins  before  they  fell  in  just  the  same  way.  Another  tried  to  run 
lU  miles  eacih  day  in  his  narrow  limits.  Yet  another  busied  himself 
inventing  new  arrangements  for  the  two  or  three  articles  of  furniture 
in  his  cell.  Many  have  paced  up  and  down  eatrh  day  for  a  number  of 
hours.  And  whatever  they  did,  all  alike  were  seeking  to  put  in  time, 
to  while  away  the  awful  t4.dium  of  their  monotonous  lives,  to  respond 
to  the  natural  craving  for  exercise,  and  to  save  their  minds  and  bodies 
from  actually  withering  from  disuse. 

If  instead  of  'Mmman  captives"  we  read  "wild  animals"  in  all  this, 
we  shall  have  a  very  fair  portrait  of  what  we  may  see  every  day  in  an 
ordinary  menagerie.  Why  does  the  elephant  swing  to  and  fro  forever 
from  his  chain  picket?  Why  does  ho  gatiier  from  the  floor  all  the 
straw  he  can  reach,  throw  it  over  his  back  and  over  the  stable,  to  be 
regathered  later?  Why  does  tln^  squirrel  enter  and  work  for  hours 
the  aimless  treadwheel,  aud  the  marten  leap  listlessly  half  a  day  from 
point  to  point — floor,  perch,  slat,  box;  floor,  perch,  slat,  box — again 
and  again,  with  monotonous  sameness  day  after  day?  Why  does  the 
loue  ostrich  waltz  far  more  than  doQi^  )iis  wild  kinsman  that  has  many 
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admiring  spectators  of  his  own  kind,  and  why  do  the  fox  aod  the 
wolverene  trot  miles  and  miles  of  cage  front  every  day?  Why  does 
the  bear  roll  and  tumble  for  hours  over  the  same  old  wooden  Itall  as  if 
it  were  a  new-found  chum;  or,  if  no  ball  is  supplied,  swing  back  and 
forth  on  pivotal  hind  foot  for  hours  each  day?  Why  does  the  rhi- 
not-enhs  keep  on  forever  nosing  at  some  projection  that  his  horn  can 
almost  fasten  under,  till  it  gets  more  and  more  elusive  through  the 
smoothening  of  perpetual  use?  Why  do  wolves  and  monkcy.s  put  in 
hours  and  hours  over  humble  duties  that  in  their  wild  state  were  the 
work  of  a  few  minutes  at  most?  To  all,  the  answer  is  the  same  &»  to 
the  similar  query  about  the  man  prisoner.  They  are  putting  in  time. 
They  are  responding  to  the  natural  craving  for  exercise.  They  are 
trying  to  pass  the  tedium  of  their  hopeloBs  lives.  They  are  doing 
anything — everything^their  poor  brains  can  suggest  to  while  away 
the  weary  dr^  of  dull,  eventless  days.  Their  bellies  are  well  cared 
for,  or  at  least  are  always  plentifully  cared  for,  but  how  few  keepers 
have  learned  that  in  each  animal  is  a  mentalitv,  large  or  small,  tliat 
ought  to  be  considered! 

Here  is  where  Ohnimus  scored.  He  tried  to  make  their  lives  inter- 
esting. The  excitement  of  the  chase  must  necessarily  l>e  denied  those 
animals  whose  nature  prompts  tbem  that  way,  but  one  of  his  first  aod 
most  successful  moves  was  made  in  consideration  of  their  special  case. 
He  divided  the  single  meal  of  all  flesh-eating  animals  in  two;  the  same 
in  quantity  each  day,  hut  a  light  morning  meal  and  a  light  afternoon 
meal.  Thus,  he  "gave  them  something  more  to  think  about."  It 
made  two  breaks  in  the  day's  monotony,  and  'n  time  it  unquestionably 
bore  good  fruit. 

Another  variation  was  made  by  changing  them  into  new  cages.  An 
animal  soon  learns  a  cage  by  heart.  He  knows  every  bai-  and  bolt, 
and  every  trifling  roughness  in  wall  or  floor.  He  can  walk  to  and  fro 
without  his  eyes  if  need  be.  But  putting  him  into  a  new  cage  is  like 
*  opening  to  him  a  new  life.  Everything  new  and  to  be  learned  must 
naturally  create  new  interests,  and  be  of  corresponding  benefit,  unless 
it  has  comt;  too  late. 

There  is  a  pathetic  story  of  an  old  tiger  that  had  passed  his  life  in  a 
traveling  cage  until  in  a  railway  accident  his  car  and  his  c«ge  alike 
were  overturned  and  broken  open.  The  tiger  was  unharmed,  and  he 
passed  out  through  the  broken  grating,  and  for  the  first  time  since  he 
left  India  as  a  cub  he  was  free,  standing  untrammeled,  with  the  whole 
world  open  to  him.  But  all  his  splendid  powers  were  gone  or  were 
dwarfed.  He  seemed  appalled  by  the  new  responsibilities.  After  a 
moment's  hesitation  he  det^lined  the  freedom  that  had  come  too  late 
and  ci'awled  bm^k  again  into  his  narrow  cage,  realizing  that  this  was 
the  only  thing  that  he  was  fit  for  now. 

One  of  the  best  expedients  of  all  to  enliven  and  brighten  the  lives  of 
the  caged  animals  is  friendship  with  the  keeper.     There  was  no  such 
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thing  as  solitary  coiifinetuent  in  Woodward's  (jardens.  Every  pris- 
oner there  had  at  Icaat  one  powerful  friend  who  was  always  near  and 
ready  to  attend  to  ull  hi^  wants,  including  the  craving  for  sympathetic 
companionship  which  few  animals  are  entirely  without. 

But  all  these  allayments  are  mere  expedients.  The  real  plan  is  to 
restore  the  natural  conditions.  We  are  slowly  grasping  the  idea, 
taught  by  the  ^rreutest  thinkers  in  all  ages,  that  the  animals  have  an 
inalienable,  God-given  right  to  the  pursuit  of  happiness  in  their  own 
way  as  long  a-s  they  do  not  interfere  with  our  happiness.  And  if  we 
must  for  good  reasons  keep  them  in  prison,  we  are  bound  to  make 
their  condition  tolerable,  not  only  for  their  sakes,  but  for  our  own, 
because  all  the  benefit  that  we  can  get  out  of  them  in  bondage  is 
increased  in  proportion  as  we  slacken  their  bonds  within  the  limits  of 
judiciouH  restraint. 

If  a  Chinaman  after  going  through  Sing  Sing  were  to  say,  "  I  have 
heard  much  of  the  high  mentality,  the  attainments,  and  the  refinement 
of  the  white  rai'C,  but  these  seem  to  me  merely  a  lot  of  sullen,  stupid 
brutes,'"  it  would  al»out  parallel  the  case  of  an  ordinary  men^erie 
viewed  by  an  ordinary  onlooker.  If  we  wish  to  enjoy  the  beauty  of 
the  animals,  or  study  their  development  and  learn  how  it  bears  on  our 
own,  we  mu.st  see  them  living  their  lives.  This  can  not  be  done  in 
box  cages,  is  very  difficult  in  the  wilds,  and  is  easily  possible  only  in 
a  zoological  park. 

Of^cupation  and  plenty  of  good  food  arc  not  the  only  things  needful 
to  a  well-rounded  life.  No  matter  bow  cared  for,  fed,  and  housed, 
the  occupants  of  every  well-known  monkey  house  were  formerly 
afflicted  with  coughs,  colds,  and  lung  diseases,  that  made  their  alwde 
like  a  hospital  and  carried  off  the  inmates  at  plf^ue  rates,  so  that  but 
few  monkeys  saw  their  second  season  in  confinement.  All  sorts  of 
remedies  were  tried  without  avail;  hothouses  with  natural  accessories, 
cOntiiuial  medical  treatment,  and  all,  failed  to  lower  the  death  rate. 
At  last  it  occurred  to  the  monkey  keeper  of  a  European  zoo  that  all 
thiij  coddling  would  be  very  bad  for  a  human  being,  so  why  not  bad 
for  monkeys  i  He  decided  to  treat  them  like  fellow-creatures;  he  dis- 
carded the  stuffy  hothouses;  he  gave  his  monkeys  free  access  to  the 
pm-e  air  and  the  sun,  in  a  cage  as  large  as  he  could  get  it,  large  enough 
to  give  room  for  exercise,  and  the  result  was  that  coughs  and  colds 
began  tu  disappear.  The  death  rate  rapidly  fell;  each  month  and  year 
that  passed  gave  fuller  indorsement  to  the  idea.  In  short,  he  had 
learned  the  art  of  monkey -keeping. 

Each  advance  of  knowledge  has  emphasized  these  great  principles 
that  the  lower  animals  are  so  like  ourselves  that  to  keep  them  in  health 
we  must  give  some  thought  to  their  happiness,  and  in  aiming  at  both 
we  must  ju-cept  the  ordinary  pritjciples  obtainftd  hem  study  of 
ourselves. 
These  are  among  the  considemtyQ    .  t^^**'  *Wv^^  "^^  wVcnw  oi  t\ie 
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National  Zoo  at  Washington;  or,  more  comprehensively  put,  the 
restoration  of  the  natural  conditiontj  of  each  animal  was  the  main 
thought  in  Mr.  Langley's  plan — a  plan  that,  though  not  yet  fully 
realized,  has  been  more  than  justilied  by  the  results. 

IV. 

In  the  center  of  the  park  is  the  coon  tree.  This  very  tree  bad 
undoubtedly  been  climbed  many  a  time  by  the  wild  coons,  within  a  few- 
years,  before  it  was  selected  to  be  the  center  of  a  little  coon  kingdom. 
It  is  now  the  abode  of  over  30  thrifty  specimens,  which  live  their  lives 
here  much  as  they  once  did  in  the  woods,  and  there  is  no  reason  to 
suppose  that  they  suffer  in  any  way,  since  all  their  needs— food,  shel- 
ter, companionship,  and  amusement^are  cared  for.  They  have  indeed 
all  the  good  things  that  their  wild  brethren  have,  excepting  only  that 
there  is  a  limit  to  their  liberty. 

Usually  they  may  be  seen  all  day  sunning  themselves  in  the  high 
crotches,  and  the  sunnier  the  day  the  higher  the  ci-otch,  so  that  thej 
are  a  living  barometer.  When  there  is  a  prospect  of  continued  fine 
weather  the  coons  climb  up  as  far  as  they  can  safely  go,  and  at  a  dis- 
tance they  look  like  fruit  still  hanging  on  the  tree.  But  in  doubtful 
weather  they  sit  lower  and  nearei'  the-  trunk;  there  they  look  more 
like  nests,  and  give  the  tree  the  appearance  of  a  rookery;  while,  in 
a  storm,  all  descend  and  huddle  together  in  the  great  hollow  trunk 
that  lies  on  the  ground  below  and  at  all  times  ser\'es  as  the  bedroom 
of  the  colony. 

The  scientific  name  of  the  coon  means  "  washer,"  and  one  of  his  pop- 
ular names  is  "wash  bear,"  from  the  peculiar  trick  he  has  of  carefully 
washing  all  his  food.  This  interestingly  Mosaic  habit  the  coons  keep 
up  in  captivity,  no  matter  how  clean  the  morsel  or  how  doubtful  the 
water  may  be;  and  as  their  tactile  paw  is  busied  soaking  the  next  piece 
of  provender,  their  eyes  take  in  the  Nurroundings  as  though  they  were 
not  needed  in  the  supposed  purification  of  the  food.  These,  of  course, 
are.  habits  learned  in  the  woods.  The  coon  feeds  along  the  edges  of 
the  creeks  and  ponds,  picking  up  crawfish,  frogs,  and  other  mud- 
dwellers.  Then,  having  secured  them,  he  is  careful  to  clean  them  off 
in  thair  native  stream,  so  as  not  to  eat  mud  with  every  course.  And 
this  being  a  matter  he  cJin  very  well  leave  to  his  very  sensitive  fingers, 
his  eyes  are  judiciously  employed  in  scanning  the  woods  about,  either 
for  more  game  or  to  guard  against  l)eing  made  game  of  himself  by 
some  powerful  enemy. 

Those  who  have  seen  the  little  ones  when  they  are  old  enough  to  be 
brought  to  the  water  by  their  mother,  and  there  receive  their  first 
lessons  in  frog  hunting,  describe  them  as  doing  everything  just  as  she 
does,  copying  her  in  all  things,  dabbing  their  paws  in  the  mud  as  their 
watchful  eyes  rove  about  scanning  the  neighboring  woods. 
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Another  iiiicroootini,  and  even  more  picturesque  than  that  for  the 
coons,  is  the  one  planned  for  the  mountain  »heep,  but  still  delayed  for 
lack  of  means.  Mr.  Langley  proiK>ses  to  inoloNe  a  tract  of  several 
acre.s  of  rocky,  hilly  land,  more  or  loss  covered  with  timber,  and 
therein  to  establish  a  miniature  of  the  Rocky  Mountains,  where  the 
bighorn  sheep  and  his  neighbors,  the  calling  hare  and  the  mountain 
niartnot,  may  live  together  and  show  us  how  they  used  to  live  at  home. 

There  are  many  obscure  problems  of  life  history  and  environment 
that  might  demonstrate  themselves  in  an  inclosure  of  this  sort.  To 
illustrate  the  complexity  of  such  questions:  The  presence  of  the  peli- 
cans on  Pelican  Island,  Yellowstone  Lake,  is  declared  by  authority  to 
be  essential  to  the  life  of  the  parasites  that  infest  the  trout  of  the  same 
waters,  since  at  one  stage  the  para.site  lives  in  the  bird.  This  case  is 
of  a  type  that  is  common.  No  man  can  say  now  wheth'?!'  or  not  the 
general  failure  in  other  zoos  to  preserve  the  mountain  sheep  in  con- 
finement is  due  to  the  need  for  any  one  clement  of  its  native  environ- 
ment, but  the  way  to  find  out  is  by  restoring  the  proper  surroundings, 
animate  &»  well  as  inanimate,  as  far  as  possible.  Experiments  of  this 
sort  must  increase  our  knowledge  of  the  laws  of  life,  and  in  time  will 
solve  the  problem  of  wuccessfully  maintaining  our  mountain  sheep  in 
captivity. 

For  the  bears  also  is  planned  &  I'oomy  park  with  restored  environ- 
ment. Bears  arc  restless,  roving  animals,  much  more  so  than  de«r,  or 
indeed  than  most  of  our  large  quadrupeds,  and  they  suffer  propor- 
tionately when  shut  up.  Many  carnivorous  animals  breed  in  captivity, 
but  bears  are  among  those  that  do  not,  not  more  than  two  or  three 
cases  being  on  record.  This  is  an  evidence  of  the  great  pathological 
disturbance  from  c^ing  in  the  ordinary  way.  The  added  feature  of 
a  geological  disturbance  in  the  small  bear  pen  near  the  south  entrance 
resulted  in  a  little  ripple  of  excitement  some  jears  ^o.  A  heavy  rain 
storm  during  the  night  washed  down  from  the  cliff  into  tlie  unfinished 
pensuchapileof  rocks  and  sand  thata  young  giizzly  mounting  on  it  was 
enabled  to  climb  up  and  es<'a|)c  into  the  open.  He  hid  him.self  in  the 
thickest  shrubbery  of  the  park  and  for  a  day  or  two  eluded  recapture, 
to  the  consternation  of  numei-ous  mothers  whose  children  going  toschool 
had  to  pass  near  the  park.  Each  one,  of  course,  could  in  imagination 
see  her  own  particular  offspring  suffering  the  fate  of  the  naughty 
chiUren  who  scoffed  at  the  baldheaded  prophet.  But  those  who  saw 
the  grizzly  during  his  brief  spell  of  liberty  say  that  he  was  so  over- 
whelmed by  the  novelty  of  his  situation  that  he  was  quite  the  most 
timorous  of  all  concerned  in  the  affair. 

The  buffalo  was  one  of  the  American  animals  chiefly  in  view  when 
the  idea  of  the  park  occurred  to  Mr  Langley.  The  present  herd  is  a 
fine  one,  but  the  amount  of  ground  available  for  them  is  not  sufficient 
for  ideal  conditions. 
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I  bare  heard  it  said  that  a  little  enmity  in  the  life  of  a  caged  animal 
is  bett«r  than  absolute  stagnation;  but  of  course  the  enmity  must  be 
within  limits.  The  buffalo  herd  had  no  far  reverted  to  the  native  state 
that  the  old  bull  ruled  for  several  yearK,  much  as  he  would  have  done 
on  the  plains.  He  was  what  the  keeper  called  "  not  a  bad  boss;"  that 
is,  he  was  not  malicious  in  his  tyranny.  One  of  the  younger  bulls 
made  an  attempt  to  resist  him  once,  and  had  to  be  punished.  The 
youngster  never  forgot  or  forgave  this,  and  a  year  or  so  later,  feeling 
himself  growing  in  strength,  he  decided  to  risk  it  again.  He  advanced 
toward  the  leader,  ^' John  Xj.,"  and  shook  his  head  up  and  down  twoor 
three  times,  in  the  style  recognized  among  buffalo  as  a  challenge.  The 
big  fellow  was  surprised,  no  doubt.  He  gave  a  warning  shake,  buttbe 
other  would  not  take  warning.  Both  charged.  But,  to  the  old  boll'!) 
amazement,  the  young  one  did  not  go  down.  What  he  lacked  in  weight 
be  more  than  made  up  in  agility.  Both  went  at  it  again,  now  desper- 
ately. Aft«r  two  or  three  of  these  terrific  shocks  the  old  one  I'ealized 
that  he  had  not  now  his  old-time  strength  and  wind.  As  they  pushed 
and  parried,  the  young  bull  managed  to  get  under  the  other,  and  with 
a  tremendous  heave  actually  pitched  his  huge  body  up  into  the  air  and 
dashed  him  down  the  hillside.  Three  times  theold  bull  was  thus  thrown 
liefore  he  would  yield,  and  then  he  sought  to  save  bis  life  by  flight. 
But  they  were  not  now  on  the  open  plains;  the  pen  was  limited,  and 
the  victor  was  of  a  most  ferocious  temper.  The  keepers  did  what  they 
could,  but  stout  ropes  and  fences  interpased  were  no  better  than  straws. 
The  old  bull's  l>ody  was  at  lost  left  on  the  ground  with  63  gashes,  sod 
his  son  reigned  in  his  stead.  This  is  one  of  the  melancholy  sides  of 
animal  life — the  weak  to  the  wall,  the  aged  downed  by  the  young.  It 
has  happened  millions  of  times  on  the  plains,  but  perhaps  was  never 
before  so  exactly  rendered  for  human  eyes  to  see. 

A  more  pea«eful  and  pastoral  side  of  life  Is  to  be  seen  among  the 
waterfowl  ponds.  At  one  time  the  park  wat^-rs  were  a  favorite  rest- 
ing place  of  the  gulls  and  ducks  that  pa.Hsed  over  in  the  migrating 
season,  a  few  of  the  ducks  remaining  to  breed.  But  the  encroachment 
of  the  city  frightened  all  away,  until  the  establishmont  of  the  park 
resulted  in  a  new  arrangement,  whereby  gulls,  swans,  ducks,  geese, 
etc.,  instead  of  passing  over  in  spring  and  fall  merely,  are  induced  to 
slay  as  permanent  residents.  Food,  protection,  and  cover  are  pro- 
vided for  them,  that  they  may  live  their  lives  before  ns;  and,  in  order 
that  they  may  not  forget  their  part  of  the  supposed  bargains,  a  deft, 
slight  operation  is  performed  on  the  tip  of  one  wing.  It  leaves  no 
sign  of  mutilation,  but  it  effectually  induces  them  to  remain  perma- 
nently in  the  park. 

Among  the  birds  of  prey  many  old  friends  of  the  woods  and  plains 
are  to  be  seen,  though  not  taking  to  their  cage  lives  as  do  the  more 
cheerful  waterfowl. 

The  familiar  red-tailed  buzzard  is  hero,  but  his  eye  has  ever  kept 
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the  look  of  untamed  Hnvageness;  he  has  no  appearance  of  beinfj  even 
partly  at  home  in  bis  io^e.  None  of  hi."  race  has  over  l»epn  known  to 
arfcpt  submissively  the  prisoner's  condition,  mo  that  the  species  does 
not  breed  in  captivity,  nor  do  his  relatives  and  fellow-eaptives,  the 
buzzard  hawk  and  the  serpent  eagle.  Doubtless  this  is  simply  another 
<-Hse  where  it  is  necessary  to  reston^  the  wild  condition  in  oi-der  to 
know  the  perfect  bird.  Some  day  we  may  have  a  cage  large  enough 
to  give  them  a  chance  really  to  use  their  wings,  and  then  they  maj' 
condesfcnd  to  show  us  how  their  forI>eai's  built  their  nests  and  reared 
and  trained  their  oflfspring  for  the  chase. 

The  tine  collection  of  wolves,  still  in  small  quarters,  gives  a.  good 
opportunity  of  seeing  how  near  thej-  are  to  dogs  in  their  general 
habits  and  appearance. 

Zoologists  have  long  discussed  the  origin  of  the  dog.  Some  con- 
aider  it  the  descendant  of  a  wolf;  others,  of  an  extinct  species;  and 
some  say  that  the  jackal  is  the  wild  stock  it  came  from.  There  are 
many  good  arguments  against  the  second  theory.  To  day  it  is  believed 
that  either  the  wolf  or  the  jackal  was  the  wild  ancestor  of  the  dog.  I 
am  convinced  that  the  jackal  is  the  sto<rk  parent,  though  a  strain  of 
wolf  lilood  has  certainh-  Iwen  infu.sed  in  some  countries. 

It  long  ago  struck  me  that  reversion  is  the  iK-st  evidence  in  a  dis- 
cu.ssion  of  this  kind,  and  my  own  olweiTations  on  dogs  that  have 
reverted,  or  gone  l»ack,  to  their  ancestral  form  |joint  veiy  uniformly 
to  one  conclusion. 

The  general  color  of  a  wolf  is  grayish,  with  a  black  or  dark  tail  tip, 
rarely  with  light-colored  spots,  or  "  l>ees,"  over  its  eyes,  and  with  a 
height  at  the  shoulder  of  about  26  inches. 

The  general  color  of  a  jackal  is  yellowish,  with  more  or  less  white 
hair  in  the  tip  of  its  tail,  and  invariably'  with  bees  over  its  eyes.  Its 
height  is  about  20  inches  at  the  shoulder. 

All  the  largest  breeds  of  dogs  show  signs  of  overdevelopment,  such 
as  faulty  teeth,  superfluous  toes,  frail  constitutions,  etc.  All  d<^s 
that  have  anj'  white  at>out  them  have  at  least  a  few  white  hairs  in  the 
tip  of  the  tail;  and  when  allowed  to  mongrelizc  freely — that  is,  to 
revert — ^the  dog  alwaj's  becomes  a  small,  yellowish  animal,  with  brown 
bees  over  its  eyes,  a  white  tail  tip,  and  a  height  at  the  shoulder  of 
about  twenty  inches^that  is.  it  resumes  the  jackal  type. 

Another  argument,  which  I  have  not  seen  in  print,  is  this:  Although 
the  wolf  was  abundant  in  Europe  during  the  old  stone  age.  the  dog 
was  unknown  till  it  appeared  on  the  scene  with  the  Neoliths,  a  race 
that  came  from  the  home  of  the  jackal. 

My  oliservations  on  the  habits  are  evidence  for  the  jackal  theory. 
Wolves  rarely  turn  around  before  ly  ing  down ;  «iogs  and  jackals  usually 
do.  Wolves  rarely  bark,  while  jackals,  as  is  well  known,  do  fre- 
quently l)ark  after  the  manner  of  dogs. 

While  sketching  among  the  jackals  in  the  Jardin  d^isPUntfis/ Parity, |., 
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in  1895,  I  discovered  an  interesting  bit  of  evidence  on' the  question. 
Wolves'  ©yes  are  set  obliquely,  as  in  figure  3,  plate  III,  and  dogs'  ejes 
are  set  straight,  as  in  figure  I.  Thi»,  of  course,  is  well  known.  Bui 
of  the  9  jackals  tben  in  the  menagerie  2  had  their  eyes  set  wolf- 
fashion,  and  the  remaining  7  had  them  set  like  those  of  a  d«^.  Of 
course,  the  fact  that  both  styles*  are  found  in  the  same  animal  takes 
from  its  weight  as  proof,  and  yet  great  stress  has  been  laid  on  thi^ 
different  angle  of  the  eyes  as  an  important  difference  between  dog  and 
wolf.     What  weight,  tben,  this  argument  has,  is  for  the  jackal. 

While  making  these  notes  among  the  animals  of  the  Washington 
Zoo,  1  used  to  go  at  all  hours  to  see  them.  Late  one  evening  1  sat 
down  with  some  friends  by  the  wolf  cages,  in  the  light  of  a  full  moon. 
I  said,  "Let  us  see  whether  they  have  forgotten  the  tnusic  of  the 
West."  I  put  up  niy  hands  to  my  mouth  and  howled  the  hunting  song 
of  the  pack.  The  first  to  respond  was  a  coyote  from  the  plains.  He 
remembered  the  wild  music  that  used  to  mean  pickings  for  him.  He 
put  up  hb  muzzle  and  "yap-yapped"  and  howled.  Next  an  old  wolf 
from  Colorado  came  running  out,  looked  and  listened  earnestly,  aa<l, 
raising  her  snout  to  the  proper  angle,  she  took  ,up  the  wild  str&iii' 
Then  all  the  others  came  running  out  and  joined  in,  each  according  to 
his  voice,  but  all  singing  that  wild  wolf  hunting  song,  howling  and 
yelling,  rolling  and  swelling,  high  and  low,  in  the  cadence  of  the  hills. 

They  BB.n^  nie  their  song  of  the  West,  the  West; 
They  set  all  my  CeelingB  aglow; 

They  stirred  up  my  heart  with  their  artless  art, 
And  their  song  of  the  long  ago. 

Again  and  again  they  raised  the  cry,  and  sang  in  chorus  till  the  whole 
moonlit  wood  around  was  ringing  with  the  grim  refrain — until  the 
inhabitants  in  the  near  city  must  have  thought  all  the  beasts  broken 
loose.  But  at  length  their  clamor  died  away,  and  the  wolves  returned, 
slunk  back  to  their  dens,  silently,  sadly  1  thought,  as  though  tber 
realized  that  they  could  indeed  join  in  the  hunting  song  as  of  old,  but 
their  hunting  days  were  forever  done. 
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Red-tailed  Buzzard.  Serpent  Eaqle. 
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THP:  submarine  BOAT:  its  value  A3  A  WEAPON  OF 
NAVAL  WARFARE. 


By  George  W.  Melvtlle, 
Rear-AdimraZ,  Enghxtxtr  in  Vhuff,  United  States  Navy. 


The  ttdvocatfts  of  the  Mubmarine  boat  during  the  past  year  have  con- 
siderably modified  their  claims  ad  to  the  value  of  this  type  of  naval 
con«tniction  aa  a  future  weapon  of  war.  The  zeal  of  the  new  convert 
is  proverbial,  but  those  who  have  had  experience  either  in  the  man- 
cement  or  construction  of  this  type  of  craft  are  making  fewer  prom- 
ises, and  are  quite  content  with  the  accomplishment  of  performances 
that  can  in  no  wise  be  regarded  as  of  an  extraordinary  nature. 

It  is  thus  along  more  conservative  lines  that  those  who  have  faith 
in  the  ultimate  efficiency  of  the  boat  are  now  working.  The  demand 
is  not  now  seriously  made  to  build  these  boats  by  the  score.  The 
more  modest  request  is  ui^d  that  we  should  authorize  sufficient  con- 
struction to  bold  together  the  skilled  workmen  that  are  required  to 
build  this  type  of  craft.  Th"is  is  a  very  fair  proposition  so  long  as  it 
is  not  restricted  to  building  boato  of  a  special  firm. 

DEVELOPMENT   STILL   IN    AN    EXPERIHENTAL   STAGE. 

Fortunately  for  the  interests  of  the  Government,  there  were  but 
few  practical  naval  architects,  marine  engineers,  or  distinguished 
naval  officers  who  were  carried  off  their  feet  by  the  exaggerated  state- 
ments made  as  to  the  capabilities  of  this  type  of  craft.  As  a  result  of 
a  conservative  policy,  we  have  only  eight  boats  built,  building,  or 
authorized.  As  to  whether  this  number  is  sufficient  for  present  pur- 
po.scs,  the  views  of  Admiral  Dewey,  written  a  month  i^fo,  probably 
reflect  the  general  sentiment  of  the  Navy,  Upon  this  matter  Admiral 
Dewey  thus  wrote  to  a  member  of  the  Committee  on  Naval  Affairs, 
House  of  Representatives,  May  27,  1902: 

"The  next  two  questions  which  you  ask  relate  to  the  necessity  and 
advisability  of  providing  now  for  the  construction  of  additional  boats 
of  the  Holland  type.  With  regard  to  this  matter,  I  concur  with  the 
Secretary  of  the  Navy  in  the  opinion  expressed  in  his  letter  of  Jan- 
uary 9,  191)1,  to  your  committee,  to  the  effect  that  as  a  number  of 
boats  of  this  type  are  now  under  construction,  it  is  wise  to  await  their 
completion  before  providing  for  others."  ^ 
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iraiTED  STATES   HTKENOTH    IN  StJBMAUlNES  ONLY  EXCEEDED  BY"  FBASCE. 

Our  strength  in  submarine  boat  constrnction  in  only  exceeded  by 
that  of  France  and  England.  Without  taking  into  consideration  the 
strength  of  France  and  England,  the  United  States  possesses  or  has 
authorized  more  submarine  boata  than  all  other  naval  powers  com- 
bined. Compared  with  most  countries,  we  are,  therefore,  inadvattcein 
this  form  of  naval  construction.  Our  only  regret  should  be  that  all 
of  our  boats  arc  of  a  particular  type,  and  that  this  type  should  not 
have  yet  been  proved  to  have  devoloiwd  beyond  the  experimental 
sfaige.  The  fat^t  that  not  one  single  boat  of  the  Holland  type  con- 
tracted for  in  August,  IHOO,  and  which  should  have  been  completed 
July,  1901,  has  yet  had  an  official  trial,  conclusively  shows  that  boats 
of  this  design  have  not  yet  l)een  developed  to  a  stage  that  luakee  them 
reliable  weapons  of  war. 

CHARArTTER   OF    EXAGGERATED  <:LAIM8    ADVANCED, 

There  have  Ireen  some  wonderful  <!laimN  made  for  the  aubmarine. 
Only  a  year  ago  it  was  maintained  that  one  of  the  boats  under  con- 
struction would  be  able  to  steam  across  the  Atlantic.  Less  than  a 
month  ago,  in  an  official  hearing  before  the  (.lommittoe  on  Naval  Affair^ 
House  of  Representatives,  on  submarine  boats,  an  expert  of  the  Hol- 
land Company  testified  that  the  air-supply  stontge,  which  is  69  cuhiv 
feet  at  a  pressure  of  2,000  pounds,  is  sufficient  for  a  crew  of  seven  or 
eight  men  for  three  months  for  submerged  work.  When  questional 
upon  this  point  the  exi>ert  said:  "  I  not  only  think  it,  I  am  quite  sun* 
of  it."  Even  a  distinguished  naval  architect  is  very  fond  of  stating' 
"  The  boat  performs  in  a  way  that  can  best  describe  it  as  a  fish  of  .steel 
with  the  brains  of  a  man."  Such  are  the  character  of  the  exaggeratc<! 
claims  that  have  Iwen  made  as  to  the  efficiency  and  performance  of 
these  boats. 

It  is  not  surprising,  in  view  of  such  testimony,  that  the  subject 
appeal's  very  strongly  to  the  imaginative.  The  reaction,  however,  has 
already  commenced.  The  admiralty  officials  of  the  several  countries 
have  discovered  that  the  capabilities  of  these  boats  have  been  so 
greatly  magnified,  and  their  weaknesses  so  adroitly  passed  over,  that 
therc  is  now  a  tendentry  t*i  construe  contract  ■■equiiements  veiy  strictly, 
and  to  demand  that  promises  will  turn  into  pci'formanccs. 

ABSURD   SECRRCT   ENVRLOl'ING   THE   QUESTION    OE   SUBMARINES. 

There  ha-s  been  an  absurd  and  pedantic  secrecy  enveloping  the  suV 
marine  which  has  caused  the  general  public  to  attach  great  value  to 
the  Iioat  as  a  weapon  of  war.  Comparatively  few  naval  officers  ha*e 
had  an  opjKirtunity  to  estimate  its  powers  foi'  offensive  and  defensive 
work.     A  few  specialists  have  written  of  the  tactical  value  of  these 
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boats,  and  considerable  weight  ban  been  given  to  tbeir  opinion  by  rea- 
son of  the  mystery  wbich  ha^  been  ascribed  to  the  construction  and 
operation  of  the  craft.  Any  tactical  value  that  the  boats  may  possess 
will  be  dependent  upon  the  speed  when  running  upon  the  surface  or 
submerged,  the  ability  to  maneuver,  the  power  to  find  the  enemy, 
the  faciliticK  for  dis<^harging  and  taking  on  board  a  torpedo,  and  the 
rudiu.s  of  action  when  submerged.  These  factors  will  be  dc[>endent 
upon  the  structural  arrangement  of  the  boat  and  the  character  of  the 
auxiliaries  installed,  and  therefore  any  mvt^tcry  surrounding  the  boat 
would  be  very  short  lived. 

TIME    ANr>   EXPERIENCK    MAY    DEVEIX)P   AN    KKFICIENT  CKAIT. 

The  naval  battles  of  the  futuni  will  \te  won  by  the  nation  which  has 
made  preparation  for  a  conflict,  and  wbich  has  supplied  itself  with 
every  possible  weapon  of  war.  Although  an  implement  may  not  do 
all  that  it  was  dc.^^igned  to  perform,  yet  it  is  possible  that  by  develop- 
ment its  ciipubilities  may  be  increased  to  an  extent  that  was  not  orig- 
inally deemed  pi-olHible,  Many  experts  are  doubtful  as  to  the  value 
of  ordinary  surface  torpedo  t)oats,  and  yet  as  long  as  rivals  possess 
them,  no  nation  would  think  of  dispensing  with  this  form  of  con- 
struction. We  can  anticipate  the  same  experience  with  the  subma- 
rine. As  few  things  arc  imiwssible,  the  submarine  may  be  developed 
in  time  to  a  state  of  efficiency  and  reliability  that  will  cause  a  revolu- 
tion in  the  composition  of  fleets.  Such  a  result,  however,  can  only 
be  brought  about  by  encouraging  competition.  Every  individual 
inventor  who  has  made  a  distinct  advance  in  improving  the  efficiency 
of  the  submarine  should  be  substantially  rewarded.  Under  no  cir- 
cunistant^s  should  the  opinion  be  permitted  to  prevail  that  any  one 
design  of  Iwat  is  an  accomplished  fact,  and  that  no  further  develop- 
ment is  po.^jsible, 

NO    NATION   CAN    RETAIN   A    MONOl-OLY   OF    I'F.RFECTKI)   DESIGN, 

As  the  .several  naval  powers  are  seeking  new  weapons  of  war,  it 
will  not  b(t  possible  to  prevent  the  use  of  any  appliance  that  hajs  a 
military  value.  Neither  conservative  officials  nor  national  jealousy 
could  stand  in  the  way  of  the  adoption  of  any  appliance  that  could  be 
u.Hcd  for  ofl'eriHive  and  defensive  work  by  military  or  naval  authorities. 
In  the  struggle  for  naval  supremacy,  the  inventive  genius  of  the 
American,  the  practical  experience  of  the  English,  the  application 
of  the  Kus.sian,  the  exact  science  of  the  French,  and  the  profound 
thought  of  the  German  are  being  exercised.  The  desire  and  passion 
for  militarv  strength  is  so  great  upon  the  part  of  all  powers,  that 
there  is  no  hesitancy,  upon  the  part  of  any,  to  copy  from  the  other 
any  plan  or  process  which  makes  for  inci'eascd  military  efficieucy  or 
wider  tield  of  action. 

Digitized  bvCjOOglC 


720  THE   8UBMABIKE   BOAT. 

SKBPTIOISM  48  TO  THE    POLICT  OF    FRANCE  CX>NCBRKlNO   8UBHARINS8. 

The  fact  that  France  alone  placea  great  reliance  in  this  particulw 
weapon  can  be  viewed  from  two  standpoints.  There  are  thoeewbo 
will  believe  that  her  experts  have  made  a  great  military  discovery, 
and  that  she  has  greatly  augmented  her  naval  strength  for  both  offen- 
sive and  defensive  work  by  building  a  great  number  of  this  small  craft. 

There  are  others  who  will  believe  that  the  French  Admiralty  has 
made  a  great  mistake  in  giving  encouragement  to  any  form  of  naval 
construction  that  will  interfere  with  the  building  of  battle  ships  and 
cruisers.  One  does  not  have  to  read  very  far  back  into  French  history 
to  learn  that  in  1870  the  French  military  authorities  believed  that  in 
the  possession  of  the  mitrailleu^te  France  had  a  tield  weapon  which 
would  solve  the  question  as  to  who  would  be  the  conqueror  in  case 
she  became  involved  in  war  with  a  neighbor. 

In  the  contemplation  of  her  experience  with  the  mitrailleuse  France 
may  well  ponder  whether  or  not  other  nations  are  blind  to  the  merits 
of  the  submarine.  A  cursory  leading  of  the  French  naval  journals 
shows  that  even  her  experts  are  still  at  work  overcoming  inherent  diffi- 
culties connected  with  the  submarines.  Even  when  the  boats  are  used 
for  surface  work  there  are  questions  of  habitability  and  navigability 
that  do  not  seem  fully  solved. 

DESIGN   AND   CONSTRUCTION    SIMPLE    IN   CHAEACTEB. 

There  is  extreme  fascination  to  many  people  in  contemplating  the 
scope  and  operation  of  a  weapon  of  war  that  can  be  used  for  either 
surface  or  submerged  work.  The  general  public  neither  attempts 
nor  cares  to  solve  the  mystery.  The  whole  subject  is  treated  as  one 
of  the  wonders  of  the  century,  and  the  skeptic  is  classed  with  those 
who  ridiculed  the  work  of  Watt,  Fulton,  and  Stephenson. 

There  is  no  niysti^ry  in  the  submarine  boat.  The  craft  of  to-day  is 
practically  of  the  same  design  as  that  of  a  century  ^o.  There  is 
increased  efficiency  and  wider  range  of  action,  because  we  now  pos- 
sess materials  of  construction  which  are  lighter  and  stronger  and 
which  can  be  better  manipulated  than  the  material  of  a  previous  cen- 
tury. The  auxiliary  and  motor  of  to-day  can  be  encompassed  in  a 
fraction  of  the  space  that  was  required  for  one  of  the  same  power  in 
the  days  of  Fulton.  The  machine  tool  has  a  capacity  and  capability 
far  surpassing  that  of  its  counterpart  of  fifty  years  ago.  The  advances 
that  have  been  made  in  making  the  submarine  boat  more  efficient  have 
been  almost  altogether  along  engineering  lines.  It  is  because  the 
capabilities  of  the  engineer  are  progressively  increasing  that  stall  fur- 
ther advance  will  be  made  in  the  development  of  the  submarine  boat. 
There  are  hundreds  of  scientists  investigating  the  possibilities  of  per- 
fecting a  storage  battery  that  will  be  more  compact  and  of  greater 
power.     There  are  metallurgists  who  are  conducting  extended  tests 
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to  discover  a  metal  that  will  be  noncoirosive,  nonmagnetic,  of  lighter 
weight,  and  yet  of  greater  strength.  It  ia  to  be  hoped  a  petroleum 
motor  can  be  substituted  for  the  gasoline  engine  for  surface  work. 
There  are  other  weaknesses  of  the  submarine  which  the  engineer  in 
part  will  yet  overcome. 

Neither  the  marine  engineer  nor  the  naval  architect  perceives  any- 
thing mysterious  in  either  the  design,  equipment,  or  operation  of  the 
boat.  The  few  men  who  operate  these  boats  can  not  attach  any  sub- 
stantial value  to  the  craft  by  ascribing  '^ome  tactical  attributes  to  their 
use.  In  general,  the  boat  is  a  parabolic  apindle  with  a  conning  tower, 
the  batch  of  which  can  be  hermetically  sealed.  This  spindle  contains 
a  gasoline  engine  for  surface  work,  and  a  stor^e  battery  for  sub- 
merged operations.  There  are  balUst  tanks  which  can  be  rapidly 
filled  and  emptied,  and  by  manipulating  the  ingress  or  egress  of  water 
into  these  tanks  the  buoyancy  is  destroj-ed  or  secured.  Such  a  craft 
must  necessarily  have  limitations.  It  has  been  the  effort  of  inventors 
to  overcome  weaknesses  rather  than  revolutionize  the  design  in  tiie 
effort  to  extend  the  field  of  operation  of  this  possible  weapon  of  war. 

BOATS    OF   THE    DIVING    TTPR    HAVE    LITTLE    LONGITUDINAL   STABILITr. 

On  boats  of  the  diving  type  but  little  advance  has  been  made  in 
securing  increased  stability.  Where  a  boat  is  designed  to  dive  like  a 
porpoise,  it  is  practically  impossible  to  secure  longitudinal  stability. 
When  the  craft  is  in  condition  for  diving,  the  center  of  gravity  must 
be  near  the  center  of  buoyancy,  otherwise  the  influence  of  the  hori- 
zontal rudders  would  not  affect  the  boat.  With  an  exceedingly  well- 
skilled  and  resourceful  man  at  the  steering  wheel,  with  a  well-trained 
and  efficient  crew,  and  with  favorable  conditions  as  to  wind  and  sea,  a 
boat  of  the  diving  type  can  submerge  and  rise  with  considerable  suc- 
cess and  certainty.  Where  such  favorable  conditions  do  not  exist,  it 
is  extremely  impi-obable  that  the  boat  can  steer  a  desired  course,  or 
that  she  will  be  fully  under  the  control  of  the  operator.  A  submarine 
boat  of  this  type  will  undoubtedly  be  thrown  off  her  course  by  the 
effect  of  currents,  tides,  or  waves,  in  case  she  has  not  sufficient  speed 
to  overcome  the  strength  of  strong  local  eddies.  In  the  absence  of  a 
guiding  medium,  such  a  boat  simply  gropes  about.  In  commenting 
upon  this  weakness  of  the  submarine  boat.  Captain  Mahan  writes: 

"  X  should  be  interested  to  sec  some  demonstration  that  the  subma- 
rine boat  will  not  find  a  practically  insuperaVile  difficulty  in  discerning 
her  prey^in  seeking  it,  I  should  ratKpV  sa^'-^' 

RNDURANCE  OF  CREW     .         ^yO«."C>>^'^   KkCtOB,. 

It  should  ever  be  remembered  tk  8^^.\«!L\\\tm\.o^\.W  o^Tationa 

of  the  submarine  boat  isa  limitof     \l  O^^xvCft'iVvVe,^*.*.  'iWslsftVd 

artificer  in  charge  of  the  motor  ^  V"    X*   t  e.av^w'ti'^*^^'^^^*^         .^ 

small  portion,  of  the  products  of  ^^/(V^   uO^>Vo!>  X^^\^^ '^x.^v^. 
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is  in  operation,  for  gasoline  k  a  great  searcher,  and  constant  diSSauIty 
will  be  found  in  keeping  the  joints  tight.     It  may  be  maintained   tha.t 
it  will  be  an  easy  matter  to  change  crews.     It  will  be  a  rather  diffiouit 
undertaking,  for  it  requires  a  man  of  unusual  nerve,  skill,  endurance, 
and  readiness  of  resource  to  operate  (he  machinery  of  a  submarine 
boat  for  general  work.     In  boats  of  the  diving  type  the  man  at  the 
wheel  muNt  have  experience,  skill,  pluck,  and  judgment,  for  the  craft 
will  do  very  little  porpoise-like  work  if  you  have  anything  but  an 
exceptional  stecrsuian.     Any  interchange  of  crews  will  have  to  take 
place  in  the  harbor,  for  the  picket  boats  of  the  blockading  squadron 
would  be  on  the  alert  to  prevent  such  a  transfer. 

On  the  official  surface-endurance  trial  of  the  //oUand,  when  the 
conning-tower  hatch  was  open  during  the  entire  run,  one  of  the 
causes  assigned  for  requiring  forty-eight  hours  to  make  a  trip  of  148 
miles  was  the  delay  experienced  in  giving  the  crew  necessary  rest. 
When  the  hatches  are  closed  and  the  storage  battery  is  in  use,  noxious 
fumes  will  collect  from  gasoline  leaks  and  the  exhalations  of  the  crew, 
as  well  as  by  chemical  action  in  the  battery  cells. 

CHARACTER  OF  SUBMERGED  TEST  OF   FULTON. 

It  is  true  that  a  submerged  test  of  the  Fulton  has  been  made,  but 
one  may  ask.  Was  that  test  made  under  seagoing  conditionsl  By  plug- 
ging the  gasoline  tanks,  by  preventing  chemical  action  in  the  cells, 
and  by  taking  other  precautions  the  crew  of  a  submarine  might 
remain  under  water  a  considerable  time.  In  analyzing  this  perform- 
ance the  following  facts  are  noticeable:  The  boat  was  sunk  in  16 
feet  of  water,  the  top  of  her  conning  tower  being  about  6  feet  below 
the  surface.  The  boat  remained  quietly  at  rest.  Surely  the  same 
work  could  be  done  in  a  diving  bell.  In  fact  much  more  severe  con- 
ditions are  imposed  in  caisson  work  in  the  building  of  tunnels  under 
river  beds. 

When  submerged  the  Fxdton  has  a  displacement  of  120  tons.  In 
this  condition  she  has  about  2,000  cubic  feet  of  space  which  contains 
only  pure  air.  In  addition  she  has  13  welded  steel  storage  tanks  with 
a  total  capacity  of  69  cubic  feet,  and  the  air  is  pumped  into  these  tanks 
up  to  a  pressure  of  2,000  pounds.  The  air  tanks  undei'  this  pressure 
actually  hold  about  130  tank  volumes  of  air  at  atmospheric  pres.Hure. 
In  other  words,  there  are  9,000  cubic  feet  of  reserve  air.  With  at 
least  2,000  feet  in  the  boat  there  is  a  total  of  11,000  cubic  feet  to 
draw  upon.  The  eight  men  that  constituted  the  crew  of  the  boat  bad, 
therefore,  each  about  1,400  cubic  feet  to  draw  upon.  This  would 
mean  a  room  about  10  feet  high  and  12  feet  square  for  one  to  live  in 
for  a  period  of  fifteen  hours.  This,  of  course,  is  not  any  too  much 
space,  but  it  is  plenty  for  sanitary  purposes. 

It  should  be  taken  into  account  that  the  gas  exhalation  is  much 
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heavier  than  fresh  air,  since  it  is  carbonic  acid,  and  not  a  mechanical 
mixture  of  nitn^en  and  oxygen.  By  simply  keeping  in  the  upper 
portion  of  the  vessel  the  crew  would  almost  have  comparatively  fresh 
air  nearly  the  entire  time.  Quite  a  different  talo  would  have  been  told 
if  the  Fultwi  had  been  made  to  get  under  way.  She  would  then  have 
bad  to  use  her  electric  motors,  and  a  drain  would  have  been  made  upon 
her  storage  battened.  From  this  cau-^e  noxious  vapor»  would  have 
been  generated  and  the  various  compartments  would  have  been  unin- 
habitable after  a  fraction  of  the  period  that  would  have  been  required 
to  make  the  boat  unendurable  from  the  human  exhalation. 

It  is  on  record  that  one  individual  in  a  New  England  town  several 
months  ago  actually  entered  a  metallic  burial  casket  and  was  sealed 
up  for  a  period  of  one  hour.  He  simply  demanded  that  the  glas8  plate 
over  the  head  piece  be  not  covered  and  that  the  individuals  conducting 
the  test  should  look  through  the  head  plate  at  intervals,  so  that  he  could 
smile  at  them.  It  was  rather  a  ghastly  test,  but  it  was  a  successful 
one.  although  the  individual  undergoing  the  operation  lost  5  poundij 
in  the  undertaking.  In  this  test  the  man  did  not  probably  have  2 
cubic  feet  of  air  to  draw  upon.  To  appreciate  exactly  what  was 
undergone  by  thot^e  who  went  down  in  the  Fulton,  the  crew  had  sim- 
ply to  enter  a  hermetically  sealed  room  of  the  dimensions  recorded. 
It  did  require  physical  courage,  however,  for  eight  men  to  remain  in 
a  submarine  Iwat  under  thase  circumstances,  since  derangements  were 
possible  which  might  have  prevented  the  boat  rising. 

COMPASS   UVKEUABLE    IN    BOATS   OF    DIVING   TYPE. 

For  the  past  ten  years  the  advocates  of  the  submarine  have  been 
telling  at  intervals  of  a  discovery  whereby  the  submarine  boat  can 
be  navigated  with  precision  when  under  way.  One  of  the  ablest 
compass  experts  in  the  Navy  has  given  special  attention  to  this  matter. 
In  the  investigation  of  this  subject  he  found  that  a  reputable  adjuster 
of  compasses  from  New  York,  who  corrected  the  compass  of  this  sub- 
marine boat,  furnished  the  Holland  Company  with  nine  different  devia- 
tion tables,  to  be  used  as  a  disposition  of  the  disturbing  torpedoes 
necessitated.  It  is  his  opinion  that,  in  general,  the  compass  on  the 
submarine  boat  must  be  regarded  as  more  or  less  unreliable.  Placed 
near  to  or  within  an  iron  or  steel  mass,  it  is  subjected  not  only  to 
large  disturbing  influences,  but  also  to  a  serious  decrease  of  directive 
force.  Any  change  in  magnetic  conditions  within  the  vessel  itself,  as 
well  as  accidental  extraneous  infli^gpces,  will  attack,  the  weakened 
comp)ass  with  a  force  inversely  p,,  ^xtVonaV  to  the  d\Tect.\ve  force. 
The  inclination  of  the  boats  of  tht     i^it^S  ^^V^  ^'*  ^  S^^*^  d\alurber  of 


Ihe  inchnation  of  the  boats  of  tht  .<i\t^S  ^^V^  ^'*  ^  g^^at  d\alurber  of 
the  compass,  and  must  be  vep^.  ^  pi\x\\>'  w^^TfeOoA.  "Ww  ftupert 
maintains  that  the  magnetic  cotv^     ^  --n  ft  %\j[,tf\&T\w\«at'B"\\\  \«so 
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surface  to  recorrect  the  course  steered,  as  well  as  to  ascertain  whether 
the  object  to  be  attacked  has  not  changed  her  position.  In  boatu  of 
the  Holland  type,  the  plan  of  furnishing  a  lai^  number  of  deviation 
tablcH,  to  cover  all  possible  conditions  within  the  craft,  will  certainlj- 
lead  to  poor  results  in  the  excitement  of  action,  even  if  the  enemy  is 
unwise  enough  to  maintain  a  fixed  station. 

It  will  not  be  the  particular  province  of  the  battle  ship  to  seek. 
destruction.  On  the  contrary,  she  will  take  means  to  avoid  sucb  a 
catastrophe.  The  submarine  will  then  be  compelled  to  seek  her.  It 
will  seldom  be  the  case  that  the  blockading  battle  ship  ia  not  kept  under 
way,  and  as  her  speed  will  be  greater  than  the  submerged  boat,  the 
opportunity  will  be  certainly  remote  when  the  submarine  can  discharge 
her  torpedo. 

TIME    BEQTIIRED   TO    PBEPARE   THE    HOLLAND   BOAT   FOR    DIVINO. 

One  would  presume  from  a  cursory  reading  of  the  literature  upon 
submarines  that  boats  of  the  diving  type  only  require  a  few  seconds 
to  go  from  the  surface  to  the  submerged  condition.  It  will  require 
minutes  rather  than  seconds  to  perform  the  evolution,  and  during  this 
period  the  submarine  boat  will  be  exposed  to  the  fire  of  the  magazine 
and  quick-firing  guns  of  the  blockading  squadron.  When  the  sub- 
marine boat  is  running  on  the  surface  and  using  her  gasoline  engines, 
it  will  require  some  minutes  to  unship  ventilators,  fill  the  compensat- 
ing tanks,  and  exhaust  the  gasoline  fumes  from  the  hull  compartment. 
In  fact,  she  will  have  to  run  in  the  awash  condition  for  some  time  to 
fully  prepare  her  for  submergence. 

The  French  Admiralty  ought  to  have  some  pretty  positive  informa- 
tion upon  this  question.  In  fact,  one  of  the  most  serious  objections 
ui-ged  to  the  suhmergible  type  of  submarines  has  been  the  length  of 
time  necessary  to  effect  submergence.  In  the  boats  of  the  Narv<d 
class  it  took  half  an  hour  to  perform  the  operation.  Only  two  years 
ago  the  Xarval  was  considered  the  most  efficient  of  all  the  French 
submarines.  In  the  Sirene  class  the  time  was  reduced  to  a  little  over 
ten  minutes.  The  Sirene  was  authorized  June  20,  1899.  She  has 
been  in  commission  about  eight  months.  It  is  hoped  that  the  time  of 
submergence  will  be  reduced  to  five  minutes  in  the  boats  that  have 
just  been  laid  down  in  France.  The  knowledge  of  the  experts  of  the 
French  Admiralty  must  be  exceedingly  limited  if  her  experts  are  con- 
tent to  design  a  boat  that  will  i-equire  five  minutes  for  submergence, 
while  the  Holland  only  requires  five  seconds  ())  to  perform  the  same 
evolution. 

As  a  matter  of  fact,  the  French  experts  measure  the  time  from  run- 
ning on  the  surface  to  the  time  of  disappearance.  Some  of  our 
experts  are  content  to  measure  the  period  from  the  time  when  all  prepa- 
rations have  been  finished  to  the  time  when  she  goes  under  the  water. 

It  may  only  require  a  second  to  discharge  a  submarine  mine.    It 
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may  require  hours  to  lay  the  mine  in  a  harbor  where  strong  tides  are 
running.  It  is  just  as  logical  to  maintain  that  you  can  fire  a  12-inch 
gun  in  a  fraction  of  a  second,  aa  it  is  to  contend  that  a  nubmarine 
boat  can  dive  from  a  surface  run  to  a  submerged  run  condition  in  a 
few  seconds. 

UNCERTAINTY   OF   ACTION    OP   WHITEHEAD    TOBP^DO    WHEN    I.AUNCHED 
FROM   A   SUBMARINE   BOAT. 

The  torpedo  which  is  carried  by  the  submarine  boat  has  yet  to  show 
for  submarine  work  the  practical  utility  for  its  existence.  Next  to 
the  arrangement  of  the  mechanism  of  a  wdtch  or  h  clock,  there  is 
probably  no  contrivance  where  more  appliances  are  installed  in  a 
limited  space  than  in  a  Whitehead  torpedo.  The  workmanship  must 
be  of  the  finestchai'acter  and  the  adjustments  of  a  delicate  nature,  in 
order  to  make  the  torpedo  take  the  desired  course.  It  will  be  admitted 
that  at  the  torpedo  station,  or  at  the  establiebment  where  they  are 
manufactured,  some  vciy  reliable  work  is  secured  from  them,  but 
when  they  are  placed  on  board  ship  and  receive  other  than  ordinary 
care,  they  perform  all  manner  of  strange  evolutions  when  launched 
from  a  tube,  and  often  go  astray.  When  there  is  actual  need  to  fire 
these  torpedoes  there  is  not  at  command  the  skillful  mechanics  and 
adjusters  that  are  intrusted  with  the  experimental  work  at  the  torpedo 
station.  During  the  fourteen  years  that  I  have  been  at  the  Navy 
Department  I  have  personally  asked  hundreds  of  observing  officers  if 
they  knew  of  one  case  in  actual  warfare  where  a  torpedo,  launched 
from  a  ship  at  a  moving  target,  ha^i  been  effective.  Official  records 
have  been  examined,  but  no  evidence  can  be  adduced  that  a  single 
torpedo  has  sunk  a  iship  that  was  in  motion. 

There  have  been  cases  where  toi-pedo  boats  have  sunk  practically 
abandoned  vessels.  There  are  instances  where  ships  at  ancihor  have 
neglected  to  keep  a  lookout,  and  have  in  this  way  been  struck  by  a 
torpedo.  It  is  also  a  matter  of  record  that  in  some  instances  torpedoes 
have  successfully  drifted  down  on  ships  at  anchor  and  crippled  or 
destroyed  them.  The  unretiability  of  the  torpedo  In  actual  practice 
is  a  factor  of  importance  in  determining  the  worth  of  the  submarine 
boat.  Due  to  tiie  fact  that  improper  adjustments  have  been  made  in 
the  mechanism  of  Whitehead  torpedoes,  many  either  go  under  the 
target,  sink  to  the  bottom,  or  take  a  different  course  from  that  intended. 
The  friends  of  the  submarine  would  bate  people  believe  that  the  action 
of  a  torpedo  is  as  certain  us  that  of  a  rifle  shot,  and  that  you  have  sim- 
ply to  launch  the  weapon  from  the  tube  within  striking  distance  to 
spcure  the  effect  desired. 

DANUEB   OF  U8INU    OASOLINE. 

The  best  propelling  agent  now  available  for  surface  work  in  a  sub- 
marine is  undoubtedly  gasoline,  Y,ut  it  is  to  be  hoped  that  petroleum 
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motors  will  bo  so  perfected  that  they  can  be  Buhatituted  for  this  spe- 
cial work.  Statistics  show  that  the  loss  of  life  due  to  gasoline  explo- 
sions h  appalling.  Careful  invei^tigation  proves  that  these  explosions 
can  be  ai^cribed  to  spontaneous  combustion  or  to  molecular  changes 
due  to  special  conditions.  It  is  true  that  thousands  of  gasoline 
launches  are  in  use,  but  these  launches  are  nearly  all  open  boats,  and 
the  gasoline  tanks  are  often  pipes  which  are  placed  on  the  outside  of 
the  boat  something  similar  to  a  keel  condenser. 

In  the  submarine  boat  you  have  the  storage  batterj-  in  clo»e  prox- 
imity to  the  gasoline  reservoirs.  The  switches,  fuses,  and  electrical 
contacts  necessary  for  the  operation  of  the  incandescent  lights  and 
various  motors  must  of  necessity  be  open  to  the  air.  Sparks  form 
when  these  electritMl  appliances  are  started  or  stopped,  and  a  sing-le 
flash  may  be  all  that  may  be  necessary  to  explode  gasoline  fumes. 

GAS01.1NE   TANES   SHOULD   NOT   BE   KEPT  WITHIN   THE    HULL    OF 
8UBMARINB. 

Grasoline  is  a  great  searcher,  and  as  long  as  the  tanks  of  gasoline  are 
kept  within  the  boat  itself  it  will  be  practically  impossible  to  prevent 
some  leakage.  In  starting  the  gasoline  engine  some  of  the  gas  is 
likely  to  escape  through  stuffing  boxes,  check  valves,  and  joints.  It 
would  not  be  necessary  to  have  much  free  gasoline  in  the  boat  to 
cause  an  explosion.  In  the  case  of  oil-carrying  ships,  it  is  when  the 
tanks  are  well  nigh  or  quite  empty  that  explosions  are  most  likely. 
The  record  of  accidents  to  oil-carrying  ships  proves  that  explosions 
nearly  always  occur  when  the  vessel  is  in  port,  and  that  the  danger  is 
greatest  when  the  tanks  have  the  least  oil  in  them.  It  is  not  the 
amount  of  gasoline  carried  that  constitutes  the  danger.  It  is  the 
leakage  which  is  the  greatest  menace,  for  when  the  liquid  volatilizes 
and  combines  in  certain  proportions  with  the  air,  and  is  followed  by  a 
spark,  it  is  quite  certain  that  an  explosion  will  result.  In  fact  this  is 
the  action  of  a  gasoline  engine. 

Where  the  gasoline  is  kept  within  the  hull  the  reservoirs  are  often 
built-up  tanks,  i.  e.,  tanks  which  are  built  between  the  frames.  It 
will  be  extremely  difficult  to  make  these  tanks  perfectly  tight,  on 
account  of  the  difficulty  of  properly  calking  the  seams.  It  is  well 
known  that  gasoline  is  ordinarily  kept  in  cylindrical  reservoirs  where 
there  are  but  few  seams  to  leak. 

The  danger  from  gasoline  is  not  imaginary.  The  crew  of  the  I/ol- 
laiid  were  almost  asphyxiated  from  this  cause.  Constant  trouble  from 
inhaling  gasoline  is  being  experienced  with  the  French  boats.  The 
Engineer,  of  London,  in  its  issue  of  June  20,  1902,  makes  reference 
to  an  accident  of  this  character: 

"Life  in  French  submarines  is  not  apparently  ^ali  beer  and  skittles.^ 
The  submarine  SUure  recently  went  out  on  trial,  and  the  crew  began 
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to  get  iosenaible.  'Whereupon,'  aays  the  French  paper  from  which 
we  quote,  'several  of  our  brave  sailors  began  to  ask,  Is  all  welll' 
The  answer  apparently  was  in  the  negative,  so  the  rest  went  home- 
ward, with  three  men  well-nigh  suffocated." 

OASOLINE    TANKS  OOMPARATIVBLY   SAFE    WHEN   STORED   IN    SnPER- 
8TRUCTURE. 

It  has  been  maintained  that  as  the  gasoline  tanks  are  stored  in  the 
superstructure  the  boats  are  likely  to  be  destroyed  by  a  fragment  of 
shell  hitting  the  tanks.  Such  would  uot  be  the  case.  Liquid  gasoline 
is  difficult  to  explode.  The  shell  might  rupture  the  tank  and  permit 
the  liquid  to  run  into  the  sea.  It  might  even  be  set  on  fire.  You 
would  then  simply  use  gasoline  from  another  tank  or  else  turn  on  elec- 
tric power  and  steam  out  of  the  region  of  the  burning  oil. 

A.-4  an  illustration  of  how  difficult  it  is  to  explode  liquid  gasolme, 
the  burning  of  a  valuable  gasomobile  at  Sewickley,  Pa.,  will  afford 
some  pretty  positive  information.  The  machine  not  working  prop- 
erly, the  chauffeur  and  the  owner  dismounted  to  a.scertain  the  cause. 
They  found  the  gasoline  tank  leaking,  and  while  they  were  examining 
the  appliance  the  liquid  suddenly  ignited.  A  bystander  pulled  a  fire- 
alarm  box  and  two  fire  companies  were  quickly  on  the  scene.  Both 
chemical  extinguishers  and  water  were  played  on  the  flames,  but  they 
were  not  extinguished  until  the  machine  was  ruined.  There  was  no 
explosion,  simply  a  slow  burning  of  the  liquid  fuel. 

THE    ANTIDOTE   TO  THE  SVBMABINB. 

For  the  past  three  years  considerable  thought  lias  been  given  to  the 
subjectas  to  the  l>est  manner  of  disabling  the  submarine.  The  British 
Admiralty  regard  with  considerable  favor  a  device  in  the  form  of  a 
spar  torpedo,  electrically  dischargeable,  easily  dropped,  and  composed 
of  powerful  explosives.  Some  experiments  have  already  been  made, 
and  while  the  principle  embodies  no  certainty,  there  are  experts  who 
believe  that  its  action  is  as  reliable  as  that  of  a  Whitehead  torpedo, 
for  the  torpedo  is  more  than  likely  to  fail  in  its  purpose  when  dis- 
charged from  fl  boat  that  is  somewhat  blind,  and  from  a  craft  whose 
speed  is  so  slow  that  a  strong  eddy  would  change  its  direction. 

There  are  other  experts  who  believe  that  fast-running  boats  will  be 
able  h>  run  the  submarines  down.  As  the  submarines  are  slow  in 
speed,  and  are  not  easily  maneuvered,  the  picket  boats  or  fast  tugs 
would  find  the  submarine  in  the  same  way  that  you  kill  a  whale.  The 
whale  being  slow  in  action,  and  being  compelled  to  rise  to  the  surface  at 
inter\'als,  can  not  maneuver  as  quickly  as  a  skillfully  worked  boat,  and 
is  thus  caught  unawares.  Thus  it  might  be  with  the  submarine — 
i)eing  slow  in  action,  and  deficient  in  maneuvering  c\ua^\ties,  the  picket 
boat  would  have  an  opportunity  to  run  over  tlienv  \>eiorfe  the  subma- 
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line  could  disappear  or  discharge  ite  torpedo  with  effect.  Under  such 
circumstaDces  the  presence  of  a  tug  would  produce  considerable  moral 
effect  upon  the  submarine. 

The  submarine  can  also  expect  that  the  rapid-fire  and  machine  guns 
of  the  blockading  fleet  will  be  kept  in  readiness  to  welcome  them,  aod 
it  is  quit«  certain  that  no  commanding  officer  would  be  sparing  of 
ammunition  when  on  the  lookout  for  one  of  these  boats. 

There  are  many  who  believe  that  a  submarine  boat  of  tbe  diving 
type  will  prove  to  be  more  dangerous  to  its  own  crew  than  to  the 
crew  of  the  vessel  attacked,  and,  like  the  flying  machine,  it  ^ill  iiave 
very  little  endurance. 

ATTITDDE   OP   NAVAL   POWERS   UPON   THIS  QUESTION.  | 

Probably  the  best  way  to  show  the  progress  that  has  been  made  in 
the  development  of  the  submarine  boat  during  the  past  few  years  will 
be  to  show  the  extent  of  construction  by  the  several  naval  powers  aod 
their  attitude  in  regard  to  encour^ing  inventors. 


France  continues  to  lead  all  naval  powers  in  the  number  of  boats 
built  and  building.  Her  experts  attach  most  value  to  the  geneml 
worth  and  usefulness  of  the  craft.  At  the  end  of  the  year  1901  France 
possessed  fourteen  submarine  boats  ready  for  experimental  serrice. 
The  following  eight  boats  were  stationed  at  Cherbourg:  Jfarval,  Morge, 
Francaw,  Al^erien,  Sirene,  Triton,  Silure,&nd  £epadon.  Four  boa^ 
were  used  for  the  defense  of  "Rochftfort— J^arfadet,  Korrigan,  Onome, 
and  Lutin.  Two  other  boats,  the  Owitave  Zede  and  Oymnote,  were 
stationed  at  Toulon. 

These  fourteen  boats  may  be  grouped  thus: 

SiArnarines. — Which  are  propelled  by  electrical  power.  It  is  not 
intended  that  these  boats  shall  have  a  great  steaming  radius.  Their 
sphere  of  action  is  to  defend  seaports,  or  to  be  carried  or  towed  to  the 
projected  scene  of  operation.  Boats  of  this  type  are  the  Fraacai*  and 
Algerien,  of  146  tons;  also  the  Farfadet,  Korrigan,  Gnome,  and  Luttn, 
of  185  tons. 

Subf/tergibles.^Boats  which  use  an  electric  motor  for  moving  under 
the  water,  but  which  use  steam,  gasoline,  petroleum,  or  some  other 
power  for  traveling  on  the  surface.  The  French  experts  are  at  vari- 
ance as  to  which  types  are  the  best.  The  preponderance  of  opinion 
in  France,  however,  is  in  favor  of  the  submergible,  since  the  tendency 
is  to  develop  the  boat  for  distant  work.  The  Morne,  Jfarval,  fypadon, 
Silnre,  Smtn^,  and  Triton  are  examples  of  the  subracrgibles. 

During  the  year  1901,  twenty-three  submarine  boate  of  68  tons  eacb 
were  authorized.  There  were  also  several  boats  in  proce-ss  of  buitdin^- 
According  to  the  naval  programme  voted  by  the  legislative  ctuunben 
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of  France  in  the  year  1900,  there  were  to  be  built  between  that  year 
and  the  close  of  1905,  forty-four  submarine  vessels.  Since  that  time 
additional  construction  has  been  authorized  which  would  give  a  total  of 
sixty-eight  .submarine  vessels  to  be  completed  before  1906. 

FRANCI   RNOOURAttet  (llHPKnTION    IN  THIS   FORM   OP  CUNn'RUCTION. 

It  is  strikingly  significant  that  in  seeking  authority  for  the  further 
construction  of  these  boata  the  minister  of  marine  invariably  tells  of 
the  hope  that  is  reposed  in  some  new  form  of  development  In  that 
country,  therefore,  where  the  submarine  is  looked  upon  with  the  most 
favor  no  type  has  yet  been  regarded  as  an  approved  one.  but  there  is 
an  inclination  to  encourage  all  inventors  to  submit  original  plans.  In 
furtherance  of  the  policy  of  seeking  to  develop  the  submarine  craft, 
the  French  Admiralty  gives  special  encouragement  and  holds  out  sub- 
stantial inducements  to  inventors  to  work  along  new  lines.  By  keep- 
ing the  field  of  competition  open  the  friends  of  every  type  of  subma- 
rine construction  are  compelled  to  keep  abreast  of  the  times.  The 
Admiralty  is  thus  prevented  from  being  saddled  exclusively  with  the 
design  that  is  less  efficient  than  that  possessed  by  a  rival  nation.  It 
may  not  be  amiss  to  state  that  France  does  not  possess  a  single  boat 
of  the  Holland  design. 


The  French  Admiralty  already  announce  that  of  the  thirteen  sub- 
marines that  are  to  be  commem.'ed  this  year  her  experts  will  experi- 
ment with  three  boats,  each  of  a  new  and  special  design.  France 
already  possesses  seven  different  types  of  those  built  and  building. 
Thi.s  is  quite  substantial  evidence  that  she  does  not  think  that  the 
problem  is  solved.  If  the  Admiralty  of  that  country  is  to  be  judged 
by  its  acts,  then  France  more  than  any  other  naval  power  believes 
that  submarine-boat  construction  U  in  an  experimental  stage,  other- 
wise an  approved  type  would  have  been  selected  ere  this.  It  is  strik- 
ingly significant  that  of  the  ten  different  designs  in  ber  possession  she 
has  not  yet  built  a  boat  of  the  Holland  design.  As  both  England  and 
Norway  have  been  supplied  with  boats  of  the  Holland  design,  and  as 
Ijoth  Russia  and  Japan  have  been  urged  to  purchase  a  boat  of  this  con- 
struction, it  is  fair  to  presume  that  France  could  have  secured  a  Hoi- 
land  boat  if  ber  experts  deemed  the  type  of  much  value. 


Great  Britain  has  five  submarine  boats  in  process  of  construction. 
These  boat»  were  contracted  for  ij.  the  fall  of  1900,  although  the 
British  Admiralty  did  not  let  the  f-^t  ^  Itnown  until  the  spring  of 
1901.  The  English  boats  are  of  t^j.  iioV^»"^  type,  and  are  practically 
toQnteiparts  of  those  being  built  c  '     ^he^^^^*^  i^sfceiiNavy.     It  has 
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been  twenty-one  months  since  Vickeru'  Sons  &  Mftxim  ^rerc  author- 
ized to  construct  tbe^  boab^;  and  the  fact  that  such  a  firm  ba«  bailed 
to  deliver  the  boats  on  time  conclusively  shows  that  unexpected  diffi- 
culties have  been  experienced.  It  has  only  been  within  a  month  Chat 
the  first  of  these  boats  has  been  accepted,  and  an  expert  from  the 
United  States  maneuvered  her  durinjj^  the  official  trials. 

It  has  been  officially  reported  that  the  second  of  the  submariiK 
flotilla  under  construction  in  the  yard  of  Messrs.  Vickera''  Sons  & 
Maxim  will  be  different  in  minor  respects  from  the  first  boat.  The 
fact  that  altei-ations  have  been  made  in  the  construction  of  subnurine 
boat  No.  2,  taken  in  connection  with  the  fact  that  some  of  the  boati' 
will  be  a  year  late  in  delivery,  ought  to  afford  pretty  conclusive 
evidence  that  the  English  boats  are  not  beyond  the  experimental 
st^e. 

The  British  naval  estimates  for  the  year  1903-3  provide  for  four 
additional  submarine  boats.  The  engineering  journals  of  Great 
Britain  state  that  the  new  boats  will  be  an  improvement  upon  those 
authorized  in  1900,  since  Mr,  Maxim  will  make  some  important 
changes  that  will  improve  their  efficiency.  The  British  Admiraltv. 
therefore,  does  not  rest  content  with  having  the  new  construction  of 
the  same  character  as  the  old.  England  demands  progressive  improre- 
ment,  and  we  should  not  rest  content  with  those  that  have  not  yet 
proved  their  efficiency. 


rniB   yOBM    op  naval  COKBTHCCrlON. 

The  German  Admiralty  is  experimenting  with  a  launch  of  snuill 
tonnage.  The  naval  periodicals  of  that  Empire,  in  reflecting  tbe 
opinion  of  the  officers  of  the  naval  service,  show  that  Germany  regards 
submarine  development  as  even  in  an  early  experimental  stage.  In 
discussing  the  submarine  question  with  one  of  the  staff  of  Prince 
Henry  in  New  York,  this  official  informed  me  that  the  Americans 
bad  done  very  well  in  going  slowly  in  building  such  boats.  He  fnf- 
tber  remarked  that  the  German  Admiralty  bad  done  better,  for  tbeT 
had  refused  to  build  any. 


3    WITH    A   8MAL1,  BOAT   OF  TWENTT  TOH8. 

The  Russian  Government  is  experimenting  with  a  small  boat  of 
about  20  tons,  which  can  be  carried  on  tbe  deck  of  a  battle  ship.  The 
length  of  the  craft  is  50  feet,  while  its  diameter  is  only  4  feet. 
The  boat  in  composed  of  nine  sections  joined  together  by  bolts,  tbua 
permitting  the  craft  to  be  taken  apart  and  stowed  in  the  hold  of  8  ship- 
It  is  said  of  this  boat  that  when  it  is  inclined  90  degrees  it  rights  itself 
immediately,  and  this  claim  is  characteristic  of  many  others  that  have 
been  set  up  in  behalf  of  tbe  submarine.  It  is  reported  that  a  boat 
something  like  this  type,  and  of  the  diving  design,  sunk  by  the  bow 
and  stood  on  end.     If  it  were  not  for  the  fact  that  she  sank  in  quite 
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shallow  water,  and  that  an  accompanying  tug  got  hold  of  her  »tetn 
and  pulled  her  nose  out  of  the  mud,  the  boat  would  have  been  lost. 


The  Norwegian  (iovernment  proposes  to  build  one  boat  of  the 
Holland  type.  Thirt  matter  was  referred  to  a  board  of  naval  experts. 
A  minority  of  the  board  insisted  that  the  present  development  of  the 
craft  did  not  warrant  its  introduction  into  the  naval  service.  The 
technical  journals  of  Europe  state  a  majority  of  the  board  based  their 
conclusion  upon  the  fact  that  the  United  States  Government  bad 
settled  upon  an  approved  type,  and  that  Norway  should  experiment 
with  this  design. 


The  United  States  has  one  submarine  boat  in  commission.  This 
boat  was  built  four  years  ago.  Seven  other  boats  are  in  process  of 
construction. 

The  names,  dates  of  contract,  and  contract  time  of  completion  of 
these  eight  vessels  are  as  follows: 


Nov.  19,1«0Q 


June,  ttOI. 
July.  IMll. 
AuguM.  1«0I. 


DELAY  IN  THE  CON8TBDCTION  OF  HOLLAND  BOATS  EVIDENCE  OF  FACT 
THAT  BOATS  OF  THIS  TYPE  ABE  NOT  BEYOND  THE  EXPEBIMENTAL 
STAGE. 

It  is  pertinent  to  ask  what  has  been  the  cause  of  this  delay.  If  the 
boat^  are  beyond  the  experimental  stage,  then  rapid  construction  would 
have  re.'sulted  very  advant^eously  to  the  Holland  Company.  In  fact 
if  the  boats  had  been  completed,  and  had  satisfactorily  met  official 
requirements.  Congress  would  probably  have  authorized  a  considerable 
number.  It  was  this  delay  in  delivering  boats  that  caused  many 
Scnatoi's  and  Representatives  to  be  convinced  that  the  craft  are  still 
in  an  experimental  stage. 

Before  completing  these  seven  boats  for  the  Government,  the  Hol- 
land Company  have  on  their  own  ^(^unt  constructed  the  Fidton.  It 
was  this  trial  horse,  the  Fulton,  Wkyh  ^""^  *"  P^^^^i"^  Bay  early  in  the 
winter,  and  which  came  to  grief  -  ^  months  \aler  at  the  Delawai-e 
Breakwater.     Since  the  Britislt      \)^  .  ^uthoriUea,  as  weU 
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naval  experts,  are  looking  fonn,^n,V*     (he  Tea\i\ta  ot  tW  official  trials 
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work  should  have  been  pusbed  upon  an  experimental  or  trial  boat  if 
the  type  bad  already  been  developed  to  a  satisfactory  ata.ge.  It  woalc 
rather  appear  as  if  the  Holland  Company  had  encountered  unexpected 
obstacles,  and  that  an  experimental  boat  was  necessary  in  w^hic/i  tests' 
could  be  conducted  independent  of  naval  inspectors. 

PROOitESSrVE  ADVANCE  CAN    ONLT  BE    8E0UEED  BT  BNOOUBAGINO 
COMFETITION. 

In  the  construction  of  surface  torpedo  boats  the  Navy  Departiueiit  ^ 
invites  and  encourages  the  several  shipbuilders  to  submit  designs.    In    i 
advertising  for  bids  for  battle  ships  the  Department  permits  bidders   ' 
to  submit  plans  of  their  own.     Experience  shows  that  by  incitiog  » 
rivalry  between  designers  of  every  kind  of  naval  ci-aft,  the  Govern- 
ment is  a  great  beneficiary.     Any  policy  which  would  settle  upon  an 
approved  type  of  battle  ship,  cruiser,  ram,  surface  torpedo  boat,  or 
submarine,  without  taking  into  consideration  the  fact  that  progressive 
development  might  be  expected,  would  soon  give  us  a  navy  whose 
ships  were  inferior  to  those  possessed  by  other  powers.    Sucb  a  policy 
would  develop  rather  than  delay  the  construction  of  submarines.    J"    , 
maintaining  a  progressive  advance  there  would  be  no  reaction  of  senti- 
ment.   There  should  be  just  as  much  encour^^ment  to  individoaJs  to 
develop  the  submarine  as  to  develop  the  surface  torpedo  boat. 

SUBSTANTIAL  AWARD  AWAITS  WINNER  OF  COMPETITIVE  TEST.  ; 

During  the  next  six  months  the  United  States  will  secure  some  very 
positive  information  as  to  the  practical  value  of  these  boats.  The 
seven  boats  now  under  construction  by  the  Holland  Company  oagbt 
to  have  bad  their  otlicial  trials.  If  these  boats  are  able  to  fulfill  co"' 
tract  i-equirements,  then  it  will  be  possible  for  the  Department  W 
commission  them  without  delay,  and  make  extended  experiments  so 
that  not  only  the  efficiency  but  the  endurance  of  the  craft  can  be 
determined.  Before  the  last  of  these  Holland  boats  is  turned  over  to 
the  Government,  it  is  highly  probable  that  the  Department  officia'^ 
will  have  an  opportunity  of  passing  judgment  upon  the  efiGciencj  aw 
Sufficiency  of  the  Lake  submarine  boat,  now  building  at  Bridgeport. 
Conn.  A  contest  between  these  boats  should  be  welcomed  by  the 
owners  of  both  craft.  It  is  certain  if  either  boat  shows  a  marked 
superiority  over  the  other  for  naval  purposes,  the  fact  will  be  heralded 
throughout  the  world,  and  the  successful  boat  will  probably  be  regarded 
by  many  naval  officers  as  the  highest  type  of  submarine  constructtoD 
extant.  As  it  is  quite  certain  that  both  the  Lake  and  Holland  people 
have  a  pretty  accurate  knowledge  of  the  capabilities  of  the  rival  com- 
pany's craft,  the  boat  that  is  the  superior  will  foice  a  contest  Since 
iti.sto  the  interest  of  the  Navy  Department  to  bring  about  competition 
between  these  boats,  it  can  be  expected  that  the  Department  will  ool  ^ 
permit  either  company  to  avoid  u  competitive  test.       C,(10<?lc 
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The  test  should  be  a  very  complete  one.  Each  company  might  pre- 
scribe conditions  for  the  other  to  meet.  The  Navy  Department  should 
finally  demand  requirements  that  would  show  whether  or  not  the  boat 
was  a  useful  weapon  of  war. 

COMPETITION  -WOTTLD    ADVANCE    RATHER    THAN    DELAY  CONBTHUCTION. 

The  policy  of  competition  would  not  make  for  delay  in  submarine- 
boat  construction.  It  would  advance  the  number  and  efficiency  of  the 
craft  that  we  shall  possess  within  the  next  five  years.  It  will  prevent 
the  Navy  being  exclusively  saddled  with  the  design  of  an  inferior  type. 
It  will  stimulate  invention  along  this  line.  It  will  not  only  prove  to 
the  officers  of  the  service,  but  to  individual  inventors,  that  the  Navy  ia 
not  wedded  to  the  belief  that  technical  skill  in  this  line  is  possessed  by 
few  persons.  It  will  compel  those  securing  one  contract  to  keep 
abreast  of  the  times  by  making  progressive  improvements.  If  you 
have  such  competition,  you  will  absolutely  discover  the  character  and 
efficiency  of  this  type  of  naval  cotistniction,  and  for  this  reason,  if  no 
other,  such  a  policy  should  be  pursued. 

Such  a  policy  should  be  pursued  because  it  is  founded  upon  patriot- 
ism and  common  sense.  It  may  interfere  with  the  pur^e  and  prestige 
of  individuals,  but  such  individuals  can  afford  to  sacrifice  something 
to  increase  the  efficiency  of  the  Navy,  particularly  if  for  a  time  they 
have  had  an  opportunity  to  fatten  themselves  at  the  public  crib. 

The  builders  of  these  boats  may  be  very  sincere  as  to  the  efficiency 
of  their  respective  types,  but  of  necessity  such  people  must  give 
ex  parte  testimony.  The  Department  should,  therefore,  be  sustained 
in  its  contention  that  performances  and  not  promises  should  be  the 
factors  in  determining  the  advisability  of  extensively  entering  into 
this  form  of  construction. 

SPECIAL  CONSIDERATION   SHOWN   THE   HOLLAND  COMPANY. 

The  Holland  Company  has  been  specially  favored.  The  first  boat 
that  this  company  attempted  to  build  was  the  Plunger.  This  construc- 
tion was  a  Government  contract.  The  Navy  Department  expended 
about  $90,000  in  partial  payment  before  it  was  evident  to  the  con- 
tractors that  the  boat  could  not  meet  official  requirements.  The 
company  advanced  but  comparatively  little  money  in  taking  that  con- 
tract. Then  the  Holland  was  built  by  the  company  with  its  own 
funds.  This  was  an  enterprising  performance;  but  it  must  be  remem- 
bered that  the  company  was  $90,000  in  debt  to  the  Government,  and 
therefore  further  risks  were  taken  to  protect  the  interests  and  sustain 
the  prestige  of  the  company.  Afterwards  six  additional  boats  were 
authorized  by  Congress  at  a  cost  of  $170,000  each,  the  same  price  that 
was  paid  for  the  Holland.  The  Chief  Constructor  of  the  Navy  has  testi- 
fied that  a  proper  cost  of  building  these  boats  exclusive  of  the  use  of  the 
patents  (to  which  he  attaches  very  little  value)  will  be  about  $90,000.  ^  i 
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Although  tlie  \aat  six  boate  contracted  for  are  nearlj'  a  year  late  ir 
delivety,  friends  of  the  Holland  Company  made  the  modest  requestor 
the  Oongresa  that  the  Secretary  of  the  Navy  be  require  to  contrail 
with  the  Company  for  thirty  of  its  most  improved  types  of  submsrisf 
boat«.  A  still  more  modest  request  was  presented  that  no  cODtra<.-t 
shall  be  made  with  the  said  company  for  thirty  boats  until  on^  ot  the 
Holland  boats  now  being  built  for  the  Navy  Department  shall  hare 
been  accepted  by  the  Secretary  of  the  Navy. 

The  Department  certainly  expects  that  all  the  six  boats  under  con- 
struction will  be  compelled  to  make  contract  requirements.     In  c^f^   I 
of  failure  the  contractors  have  recourse  for  relief  by  ufficially  appeal-   , 
ing  to  the  Department.     It  certainly  would  be  a  remarkable  precedent 
to  establish  to  contract  for  more  boats  of  this  type  after  only  one  of 
the  six  under  construction  performed  in  a  satisfactory  manner. 

TUB   HOLLAND   AND  LAKE   CXIMPANIES  CLAIM   TO   BE   DESIROUS  OF 
ENTERING  THEIR  BOATS  INTO  COSlPEriTION. 

The  Holland  boats  now  nearlng  completion  will  have  to  contend  for 
superiority  during  the  coming  year  with  a  boat  of  the  Lake  deeiga. 
These  rival  boats  are  of  quite  different  type.  The  issue  at  stake  is  of 
moment  to  both  companies  and  to  the  naval  service.  In  an  officit' 
hearing  on  submarine  boats  before  the  Senate  Committee  on  Nar«l 
Affairs,  a  representative  of  the  Lake  Company  declared: 

"As  has  been  said,  we  arc  merely  on  the  verge  of  submarine  knowl 
edge.  We  do  not  know  much  about  it  yet,  and  much  will  be  a  mat-  1 
ter  of  experiment;  but  of  the  two  boats  we  are  very  confident  that^ 
Lake  boat,  all  around,  is  &  superior  boat  to  the  Holland:  and  if  it  is 
not,  the  gentlemen  who  are  back  of  it,  and  who  have  confidence  in  % 
are  willing  that  the  ¥250,000  that  they  have  invested  shall  go  on  the 
scrap  heap.  They  have  confidence  to  believe  that  their  boat  has  merit, 
and  all  they  ask  is  that  it  shall  be  submitted  to  a  test." 

At  the  same  hearing  on  submarine  boats  a  representative  of  the 
Holland  Company  spoke  thus  in  regard  to  the  outcome  of  a  possib'B 
test: 

"  We  do  not  oWect  to  competition  in  the  slightest  degree.  If  Mr 
Lake  has  a  better  boat  than  ours,  if  he  will  conform  to  all  the  require 
ments  that  have  been  required  of  us,  let  him  come  in;  and  if  he  oesCs 
us,  we  will  simply  go  out  of  business." 

CONSTRUtTTTVE  FEATURES  OP  THE  LAKE  AND  HOLLAND  BOATS. 

As  the  Lake  design  is  the  latest  Richmond  in  the  field  of  submarine- 
boat  construction,  although  its  inventor  has  given  twenty  years  of 
study  to  the  question,  it  may  be  pertinent  to  show  in  a  compar&tive 
and  comprehensive  manner  the  constructive  features  of  the  rival  types. 
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Lake  boat. 

Length  over  all,  65  feet. 
Breadth  of  beam,  11  feet. 
THspUcement  afloat,  115  tone. 
Surface  buoyancy,  55  tons. 
Rng^e  horaepower  250,  appbed  direct 
to  shaft. 

Batterycapacity,  75  horsepower  for  four 

Twin  Bcr«w. 

Hull  sufficient  strength  to  iubmerge 
150  feet. 

Armament,  3  Whitehead  torpedo  fir- 
ing tubes. 

Means  of  euhmei^iag,  3.  Admitting 
water  ballast,  submerging  with  the  use  of 
hydroplanes,  and  hauling  down  to  the 
bottom  or  to  any  desired  depth  by  anchor 
weights. 

Means  of  coming  to  the  surface.  4. 
Discharging  water  ballast  by  either  com- 
pressed air,  power  or  hand  pumps;  by 
the  hydroplanes,  when  under  way;  by 
lowering  the  anchor  weights  and  by  re- 
leasing the  drop  keel. 

Fuel-carrying  capacity,  1,400  gallons. 

Speed  (estimated),  IDto  11  knots. 

Submerged  speed  (estimated ),  7  knots. 

Means  of  traveling  on  the  bottom. 

Submerges  on  a  level  keel. 

Means  to  enable  divers  to  leave  and 
enter  the  vessel  while  submerged. 

Automatic  and  positive  maintenance  of 

Means   to   measure  distance    traveled 
when  submerged. 
Invisibility  in  a  semisubmeiged  con- 
Capability  of  steering  long  and  correct 

Automatically  controlling  depth  of 
submerging. 

Means  forcutting  cables  and  for  mining 
and  countermining  purposes. 

A  water-tight  superstructure  affording 
deck  space  an<l  sufficient  buoyancy  to 
make  her  seaworthy  and  also  afford 
spare  for  storage  of  fuel,  air  tanks,  etc. 

Automatic  drop  keel  and  other  auto- 
matic features  to  prevent  submerging 
below  a  safe  depth. 


Holland  boalt. 

Length  over  all,  63  feet  4  inches. 

Breadth  of  beam,  II  feet  6  inches. 

Digplaceroent  afloat,  105  tons. 

Surface  buoyancy,  15  tons. 

Engine  horsepower  160,  lees  a  consid- 
erable loss  due  to  driving  indirectly 
through  gearing. 

Battery  capacity,  70  horsepowerfor  four 

Single  screw. 

Strength  of   hull    approximately  the 

Armament,  1  Whitehead  firing  tube. 

Means  of  submeiging,  2,  Admitting 
water  ballast  and  driving  with  horizontal 
ruddets. 


Means  of  coming  to  the  surface,  2. 
Discharging  water  ballast  and  use  of 
horiitontal  rudders  when  under  way. 


Fuel-carrying  capacity,  850  gallons. 

Speed  (estimated),  8  knots. 
Bubmerged  speed  (estimated),  7  knots. 

Dives  by  the  bow  at  varying  angles. 
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Latt  boat — CoDtinued. 

Gaaolinefuel  carried  in  superstructure 
where  eecapinf;  gas  or  leakage  would  not 

Ample  officers'  aod  crews'  qnaH«rB 
with  cooking  and  sleeping  facilities. 

Provision  for  escape  of  crew  in  case 
of  partial  disablement  of  vessel  while 


VoUand  boatm Continued. 

Fuel,  gasoline,  earned   in  tanks  in  ili 
living  quarten  of  the  boat. 


NAVAL    EXPfiBTS    DIFFER    AS  TO    THE    EELATTVB    HBRTTS     OP    THE    I.AEI 
AND   HOLLAND   BOATS   FOB   NAVAL   PURPOSES. 

The  lAke  boat  has  also  to  turn  proniiaes  into  performances.    A 
representative  of  the  Bureau  of  Steam  Engineering,  hoireFer,  wbo    ' 
waa  specially  directed  to  visit  Bridgeport,  Connecticut,  upon  repeated 
occasions,  to  report  upon  the  L^ke  boat,  and  has  given  special  study 
of  the  subject,  thus  officially  testifies  as  to  her  probable  performance: 

"  In  my  opinion  the  Lake  boat  will  be  shown  before  the  end  of  the 
year  to  be  a  far  superior  craft  for  naval  purposes  than  the  HoJIaffi 
Her  superiority  will  not  only  rest  in  special  contrivances  that  are 
fitted  to  the  boat,  but  in  the  manner  in  which  the  propelling  and  otii^r 
appliances  have  been  installed." 

In  opposition  to  this  testimony  is  the  evidence  of  the  naval  coa- 
structor  who  supervised  the  building  of  the  Holland  boats.  This 
officer  stated  that  in  his  opinion  "the  Holland  lK>at  is  far  superior /or 
military  purposes."    He  also  said: 

"The  Holland  boat  is  designed  as  a  submarine  torpedo  boat-  ^^ 
Lake  boat,  if  we  allow  the  inventor  all  he  claims,  everything  he  claims 
to-day,  becomes  in  effect  a  dirigible  self-supporting  diving  resset 
which  would  be  useless  for  a  torpedo  boat  compared  with  the  Holland 
type;  and  the  use  of  a  diving  boat — that  is,  for  countermining— is  o! 
very  small  military  value  compared  with  the  successful  use  of  the  tor- 
pedo boat." 

Further  construction  of  submarines  should  be  delayed  until  a  com- 
petitive teat  of  the  Lake  and  Holland  boats  can  be  made.  In  view  of 
the  conflict  of  opinion  upon  the  part  of  counsel  of  the  respective  sub- 
marine boat  companies,  and  of  expert  testimony  upon  the  part  oi 
naval  officers,  the  Department  is  justitied  in  withholding  all  contrscti 
until  it  is  definitely  determined  whether  the  Lake  boat  should  ^ 
consigned  to  the  scrap  heap,  or  whether  the  Holland  company  iihould 
go  out  of  business.  In  the  fight  to  a  finish  between  these  companies 
the  Department  will  be  the  beneficiary.  It  is  manifestly  to  the  iater- 
est  of  the  Department  to  always  encourage  competition,  for  the  neir 
competitor  can  only  win  by  giving  the  Navy  something  better  than 
it  has  possessed  heretofore. 
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S1>IKITED  OOHPETITIOK  IN  BtTBHARtNE-BOAT  OONSTBUOnON  EXTBEHELT 
BENBnOUL. 

The  advent  of  the  Lake  company  into  the  field  of  Bubmarine-boat 
construction  ha^  been  of  incalculable  advantage  to  the  interest  of  the 
Oovernment.  The  strong  presentation  of  the  nterita  of  this  boat  has 
materially  arwisted  in  preventing  the  naval  service  from  being  saddled 
with  dozens  of  boat^i  of  a  type  whose  efficiency  and  utility  has  yet  to 
be  demonstrated  to  the  rtatisfaction  of  the  Board  of  Construction  of 
the  Navy  Department,  as  well  as  to  the  Congress. 

The  problem  of  a  submarine  may  not  only  involve  a  change  in  naval 
construction,  but  a  revolution  in  naval  tactics.  That  nation  will  fall 
behind  in  relative  naval  strength  of  every  description  which  refuses 
to  encour^e  competition  among  designers,  and  which  is  wedded  to 
the  belief  that  in  this  mechanical  age  the  solution  of  any  technical 
problem  can  only  be  solved  by  a  few  persons. 

THE    POLICY   or    EXPERIMENTATION  A  WIBE   ONE. 

Before  the  Congress  again  assembles  the  Navy  of  the  United  States 
should  have  some  definite  knowledge  as  to  the  capabilities  and  possi- 
bilities of  submarine  boatA.  The  boats  now  under  construction  should 
be  commissioned  immediately  after  they  have  met  contract  require- 
ments. Then  they  should  be  subjected  to  surface  and  submerged  runs 
which  will  not  only  show  their  endurance  in  these  respects,  but  also 
the  limit  of  endurance  of  the  working  crews.  It  can  be  expected  that 
the  several  young  officers  placed  in  charge  of  the  boats  will  be  intent 
upon  making  their  individual  commands  the  most  efficient.  By  thas 
creating  a  spirited  rivalry  between  these  young  commanders  the  prac- 
tital  advantage  and  disadvantage  of  the  craft  will  be  ascertained. 

Our  policy  as  regards  further  construction  should  therefore  be  in 
the  direction  of  finding  out  the  actual  military  value  of  the  boats  that 
wo  have  contnu'ted  for.  We  should  also  determine  the  relative  worth 
of  these  boats  as  compared  with  craft  of  different  designs. 

Time  is  not  an  essential  element  in  this  matter,  for  by  offering  a 
premium  for  rapid  speed  construction  it  will  be  possible  to  induce 
many  shipbuilders  to  construct  them  within  six  months.  If  the 
inducement  is  made  sufficiently  attractive,  there  are  shipbuilders  who 
nill  guarantee  to  do  the  work  in  four  months. 

The  policy  of  determining  the  substantial  worth  of  the  boats  now 
under  construction  before  authorizing  more  of  this  special  t^'pe  has 
been  urged  by  the  Board  of  Construction  of  the  Navy.  This  Board 
consists  of  the  chiefs  of  the  Bureaus  of  Ordnance,  Steam  Engineering, 
Construction  and  Equipment,  also  the  Chief  Intelligence  Officer  of  the 
Navy.  Such  a  board  should  have  opportunities  for  securing  reliable 
information  upon  the  subject.  The  General  Board  of  the  Navy,  pre- 
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sided  over  by  Admiral  Dewey,  also  believes  in  the  policy  of  finding 
out  the  possibilities  of  the  boats  that  are  nearing  completion,  lb: 
Chief  of  the  Bureau  of  Navigation,  the  President  of  the  War  College- 
and  several  of  the  gallant  captains  who  fought  at  Manila  and  SnntiMgf' 
are  members  of  this  Board,  and  surely  such  men  have  the  best  inters 
of  the  service  at  heart.  The  Secretary  of  the  Navy  approves  sarA  a 
policy  of  experimentation.  The  Congress  of  the  United  State-s,  afbT 
carefully  considering  the  m&tter,  refused  to  authorize  an_y  further 
construction.  Such  a  proposition  must  favorably  couiincnd  it^self  to 
all  fair-minded  and  business  men,  even  though  it  may  l>e  opposed  hr  \ 
those  who  have  wares  to  sell. 

AN  APPHOVED  TYPE  OF  BUBMARINE  HAS  NOT  YET  BEEN    DEVELOPED    FOE 
THE  NAVY. 

The  Navy  can  well  afford  to  wait  iKsfore  .settling  upon  an  approve<J 
type  of  submarine  boat.  The  more  haste  that  is  exercised,  the  more 
liable  the  naval  service  is  to  be  mi.sled  by  the  promises  of  promoters. 

There  is  practically  no  conflict  of  opinion  in  the  Navy  as  to  the  value 
and  efficiency  of  the  battle  ship.  The  same  general  testimony  will  be 
cheerfully  paid  to  the  work  of  the  submarine  when  it  is  developed  to 
a  state  where  it  is  an  efficient  and  reliable  weapon  of  war. 

No  attempt  has  been  made  in  this  monograph  to  tell  of  the  advan 
tages  of  an  efficientand  reliable  submarine.  The  possibilities  are  onl.v 
limited  by  the  im^ination  of  the  reader. 

Washinoton  City, 

Jutie,  190^. 
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COMMEMORATION  OF  PROF.  UESRY  A.  ROWLAND." 


By  Dr.  Thomas  C.  Mkndenhall. 

[The  iiolle^ue.s,  pupils,  and  friends  of  the  late  Profesaor  Rowland 
aHsembled  Saturday.  0<'tol)er  '2Q,  1!*01,  at  12  noon,  in  the  lecture  room 
of  the  physical  lalwratory,  to  comnieniorate  the  life  and  services  of 
the  distinguiiihed  physicii^t.  An  address,  which  is  printed  I>clow,  was 
delivered  by  Dr.  Thomas  C  Mendenhall,  rc<rently  president  of  the 
Worcester  Polytechnic  Institute.] 

A1>I>KR8«   OF    I-ROFE8SOK    MKNDENHALL. 

In  reviewing  the  McientiKc  work  of  Professor  Kowland  one  is  most 
imprcMHed  by  its  orij^inality.  In  <|uantity,  as  measured  liy  printed 
page  or  (latalogue  of  titles,  it  has  lieen  exi^eeded  liy  many  <if  his  con- 
temporaries; in  quality  it  is  equaled  by  that  of  only  a  very,  very 
small  group.  The  entire  collection  of  his  iiuiHtrtant  papers  doi>s  not 
exceed  30  or  40  in  numl>er,  and  his  unimportant  papers  were  few. 
When,  at  th(!  unprecedentedly  early  age  of  S;t  years,  he  was  elected 
to  membership  in  the  National  Academy  of  Sciences,  the  list  of  his 
published  contributions  to  s<^ience  did  not  contjiin  over  a  dozen  titles, 
hut  any  one  of  not  less  than  a  half-dozen  of  these,  including  what  may 
properly  be  called  his  very  first  original  investigation,  was  of  such 
quality  as  to  fully  entitle  him  to  the  di.stinction  then  conferred. 

Fortunately  for  him,  and  for  science  an  well,  he  lived  during  a 
period  of  almost  unparalleled  intelle<-tual  activity,  and  his  work  was 
done  during  the  last  (juartor  of  that  century  to  which  we  shall  long  turn 
with  admiration  and  wonder.  During  these  twenty-live  years  the 
numtHtr  of  industrious  cultivators  of  his  own  favorite  Held  increased 
enormcmsly,  due  in  large  measure  to  the  stinmlating  effect  of  his  own 
enthusiasm,  and  while  there  was  only  here  and  there  one  possessed 
of  the  divine  afflatus  of  true  genius,  there  were  many  i-eady  to  labor 
most  assiduously  in  fostering  the  growth,  development,  and  final 
fruition  of  germs  which  genius  stopped  only  to  plant.  A  proper 
estimate  of  the  m^nitude  and  extent  of  Rowland's  work  would 
require,  therefore,  a  careful  examination,  analytical  and  histoncal, 

'Reprinted,  by  pennisBiiin,  fruiii  Johns  Hopkins  Unlvemty  Circulam,  Vol.  XXI, 
No.  164,  Baltimore,  December,  1901. 
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of  the  entire  moBa  of  contributioiiH  to  phyaical  science  during  the  past 
twerity-five  years,  many  of  his  own  being  fundamental  in  character  and 
far-reaching  in  their  influence  upon  the  trend  of  thought,  in  theory 
and  in  practice.  But  it  waa  quality,  not  quantity,  that  he  himself  most 
esteemed  in  any  performance;  it  was  quality  that  always  commanded 
his  admiration  or  excited  him  to  keeneM criticiani,  Noone recognized 
more  quickly  than  he  n  real  gem,  however  minute  or  fragmentar)-  it 
might  he,  and  by  quality  rather  than  by  quantity  we  prefer  to  judge 
his  work  to-day,  as  he  would  himself  have  chosen. 

Rowland's  first  contribution  to  the  literature  of  science  took  the  form 
of  a  letter  to  The  Scientific  American,  written  in  the  early  autumn  of 
1865,  when  he  was  not  yet  17  years  old.  Much  to  his  surprise  this 
letter  was  printed,  for  he  says  of  it,  "  I  wrote  it  as  a  kind  of  joke  aod 
did  not  expect  them  to  publish  it."  Neither  its  humor  nor  its  sense, 
in  which  it  was  not  lacking,  seems  to  have  been  appreciated  by  the 
editor,  for  by  the  admission  of  certain  typographical  erroi-s  he  practi- 
cally destroyed  I>oth.  The  embryo  physit^ist  got  nothing  hut  a  little 
quiet  amusement  out  <tf  this,  but  in  a  letter  of  that  day  he  declares  his 
intention  of  some  time  writing  a  sensil)le  article  for  the  journal  that  so 
unexpecttxlly  printed  what  he  meant  to  l>e  otherwise.  This  resolution 
he  seems  not  to  have  forgotten,  for  nearly  six  years  later  there  appeared 
in  its  columns  what  was,  as  far  as  is  known,  his  sei-ond  printed  pajier 
and  his  first  serious  public  discussion  of  a  scientific  question.  It  was 
a  keen  criticism  of  an  invention  which  necessaril}'  invoivttd  the  idea  of 
perpetual  motion,  in  direct  conflict  with  the  great  law  of  the  conserva- 
tion of  energy  which  Rowland  hud  already  grasped.  It  was,  as  might 
be  expected,  thoroughly  well  done,  and  received  not  a  little  compli- 
mentary notice  in  other  journals.  This  was  in  1871,  the  year  following 
that  in  which  he  was  graduated  as  a  civil  engineer  from  the  Rensselaer 
Polytechnic  Institute,  and  the  article  was  written  while  in  the  field  at 
work  on  a  preliminary  railroad  survey.  A  year  later,  having  returned 
to  the  institute  Its  instructor  in  physics,  he  published  in  the  Journal  of 
the  Franklin  Institute  an  article  entitled  "  Illustiations  of  resonances 
and  actions  of  a  siniiiar  nature,"  in  which  he  described  and  discussed 
various  examplcH  of  resonance  or  "sympathetic"  vibration.  This 
paper,  in  a  way,  marks  his  admission  to  the  ranks  of  professional  stu- 
dents of  science  and  may  be  properly  considerad  as  his  first  formal 
contribution  to  scientific  litei-ature.  His  last  was  an  exhaustive  article 
on  spectroscopy,  a  Nuhject  of  which  he,  above  all  others,  was  master, 
prepared  for  a  new  edition  of  the  Encj'ciopredia  Britannica,  not  yet 
published.  Early  in  1873  the  American  Journal  of  Science  printed  a 
brief  note  by  Rowland  on  the  spectrum  of  the  Aurora,  sent  in  response 
to  a  kindly  and  al  ways  appreciated  letter  from  Prof.  George  F.  Barker, 
one  of  the  editors  of  that  journal.  It  is  interesting  as  mai  king  the 
beginning  of  his  optical  work.    For  a  year,  or  perhaps  for  seversi 
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years,  previous  to  thiw  time,  howevpr.  hp  had  bwn  busily  cnjraged  on 
what  proved  to  be.  in  its  influence  upon  his  future  career,  the  most 
important  work  of  his  life.  To  climb  the  ladder  of  reputation  and 
success  by  simple,  easy  steps  might  have  contented  Rowland,  but  it 
would  have  been  quite  out  of  harmony  with  his  Iwld  spirit,  his  extraor- 
dinary power  of  analysis,  and  his  quick  recojjnition  of  the  relation  of 
things.  By  the  aid  of  apparatus  entirely  of  his  own  construction  and 
by  methods  of  his  own  devising,  he  had  made  an  investigation  ?K>th 
theoretical  and  experimental  of  the  magnetic  permeability  and  the 
maximum  magnetization  of  iron,  steel,  and  nickel,  a  subject  in  which 
he  had  been  interested  in  his  boyhood.  On  .Tune  Q,  IHIH,  in  a  letter 
to  his  sister,  he  says:  "  I  have  just  sent  off  the  results  of  my  experi- 
ments to  the  publisher  and  expect  considerable  from  it;  not.  however, 
filthy  lucre,  but  good,  substantial  reputjition.'"  What  he  did  get  from 
it,  at  first,  was  only  disappointment  and  discouragement.  It  was  more 
than  once  rejected  because  it  was  not  undei-stood,  and  linatly  he  ven- 
tured to  send  it  to  Clerk  Maxwell,  in  England,  by  whose  keen  insight 
and  profound  knowledge  of  the  subject  it  was  instantly  recognized  and 
appraised  at  its  full  value.  Regretting  tliat  the  temporary  suspension 
of  meetings  made  it  impossible  for  him  to  present  the  iHii)er  at  once  to 
the  Royal  Society,  Mi'xwell  said  he  would  do  the  next  Wat  thing,  which 
was  to  send  it  to  the  Philosophical  Magazine  for  immediate  publication, 
and  in  that  journal  itap]H>ared  in  August,  1H7;J,  Maxwell  himself  hav- 
ing corrected  the  proofs  toavoid  delay.  The  importance  of  the  paper 
was  i)romptly  recognized  by  European  physicist",  and  abroad,  if  not 
at  home,  Rowland  at  onci>  took  high  rank  as  an  investigator. 

In  this  research  he  unquestionably  anticipated  all  others  in  the  dis- 
covery and  announcement  of  the  beautifully  simple  law  of  the  mag- 
netic cii'cuit,  the  magnetic  analogue  of  Ohm's  law,  and  thus  laid  the 
foundation  for  the  accurate  meajsurement  and  study  of  m^netic  per- 
meability, the  imixjrlance  of  which,  both  in  theory  and  practice  during 
rei'ent  years,  it  is  ditiicuU  to  overestimate.  It  has  always  seemed  to 
me  that  when  consideration  is  given  to  his  age.  his  braining,  and  the 
conditions  under  which  his  work  was  done,  this  ejirly  paper  gives  a 
better  measure  of  Rowland's  genius  than  almost  any  performance  of 
his  riper  years.  During  the  next  year  or  tw()  he  continued  to  work 
along  the  same  lines  In  Troy,  publishing  not  many,  but  occasional, 
additions  to  and  developments  of  his  first  magnetic  research.  There 
was  also  a  paper  in  which  he  discussed  Koblrauuch's  determination  of 
the  al>solute  value  of  the  Siemens  unit  of  electrical  nwistance,  fore- 
shadowing the  important  part  which  he  was  to  play  in  later  years  in 
the  final  establishment  of  standards  for  electrical  measurement. 

In  1875,  having  been  appointed  to  the  professorship  of  physics  in 
the  Johns  Hopkins  University,  the  faculty  of  which  was  just  then 
being  organized,  he  visited  Europe,  spending  the  l>etter  part  of  a  yejir 
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in  the  varioii8  centers  of  wientific  activity,  including  several  month? 
at  Berlin  in  the  laboratory  of  the  greate^^t  Continental  physicist  of  his 
,  time,  Von  Helmboltz.  While  there  he  made  a  very  importaot  investi- 
gation of  the  magnetic  effect  of  moving  electrostatic  charges,  a  ques- 
tion of  first  rank  in  theoretical  interest  and  significance.  His  manner 
of  planning  and  executing  this  research  made  a  marked  impre^ion 
upon  the  distinguished  director  of  the  latwratory  in  which  it  w&s  done, 
and,  indeed,  upon  all  who  had  any  relations  with  Kowland  during  its 
progress.  He  found  what  Von  Helmholtz  himself  had  sought  for  in 
vain,  and  when  the  investigation  was  finished  in  a  time  which  .seemed 
incredibly  short  to  his  more  deliberate  and  pain.'ttaking  a-ssociates,  the 
director  not  only  paid  it  the  compliment  of  an  immediate  presentation 
to  the  Berlin  Aoidemy,  but  voluntarily  met  all  expenses  connected 
with  its  execution. 

The  publication  of  this  research  added  much  to  Rowland's  rapidly 
gi-owing  reputation,  and  because  of  that  fact,  as  well  as  on  account  of 
its  intrinsic  value,  it  is  important  to  note  that  his  conclusion.s  have 
been  held  in  question,  with  varying  degrees  of  confidence,  from  the  day 
of  their  announcement  to  the  present.  The  experiment  h  one  of 
great  difficulty  and  the  effect  to  l>e  looked  for  is  very  small  and  there- 
fore likely  to  be  lost  among  unrecognized  instrumental  and  observa- 
tional errors.  It  was  characteristic  of  Rowland's  genius  that  with 
compai-attvely  crude  appai-atus  he  got  at  the  truth  of  the  thing  in  the 
very  start.  Others  who  have  attempted  to  I'epeat  his  work  have  not 
been  uniformly  successful,  some  of  them  obtaining  a  wholly  negative 
result,  even  when  using  apparatus  apparently  more  complete  and 
effective  than  that  first  employed  by  Kowland.  Such  was  the  experi- 
ence of  Lecher  in  1S84,  but  in  1888  It/lntgen  confirmed  Rowland's 
experiments,  detecting  the  existence  of  the  alleged  effect.  The  result 
seeming  to  be  in  doubt,  Kowland  himself,  assisted  by  Hutchinson,  in 
188!)  took  it  up  again,  using  essentially  bis  original  method,  but 
CTnploying  more  elabomte  and  sensitive  apparatus.  They  not  only 
confirmed  the  early  experinient.s.  but  were  able  to  show  that  the 
results  were  in  tolembly  close  agreement  with  computed  vahies.  The 
repetition  of  the  experiment  by  Himstedt  in  the  same  year  resulted 
in  the  same  way,  but  in  1897  the  genuineness  of  the  phenomenon  wa.s 
agaiii  cjilled  in  question  by  a  series  of  experiments  made  at  the  sug- 
gestion of  Lippmann,  who  had  proposed  a  study  of  the  reciprocal  of 
the  Rowland  effect,  according  to  which  variations  of  a  magnetic  field 
should  produce  a  movement  of  an  electrostatically  charged  body. 
This  investigation,  carried  out  by  C»t?mieu,  gave  an  absolutely  nega- 
tive result,  and  Ix-cnuse  the  method  was  entirely  different  from  that 
employed  by  Kowland,  and  therefore  unlikely  to  be  subject  to  the 
same  systematic  eri-ors,  it  natui-ally  had  much  weight  with  those  who 
doubted  his  original  conclusions.     Realizing  the  necessity  for  addi- 
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tional  evidemw  in  corroboration  of  his  views,  in  the  fall  of  the  year 
1900  the  problem  was  again  attacked  in  his  own  laboratory,  and  he  hod 
the  satiijfaetion,  only  a  short  time  before  his  death,  of  seeinjf  a  com- 
plete confirmation  of  the  resulte  he  had  announced  a  quarter  of  a 
century  earlier,  concerning  which,  however,  there  had  never  been  the 
slightest  doubt  in  his  own  mind.  It  is  a  further  satisfaction  to  his 
friends  to  know  that  a  very  recent  investigation  at  the  Jefferson 
Physical  Laboratory  of  Harvard  University,  in  which  Rowland's  meth- 
ods were  modified  so  as  to  meet  offecti  ely  the  objections  made  by  hia 
critics,  has  resulted  in  a  complete  verification  of  hLs  conclusions. 

On  his  return  from  Europe,  in  1876,  his  time  was  much  occupied 
with  the  beginning  of  the  active  duties  of  his  professorship,  and  espe- 
cially in  putting  in  order  the  equipment  of  the  laboratory  over  which 
he  was  to  preside,  much  of  which  he  had  ordered  while  in  Europe.  In 
its  arrangement  a  great  many  of  his  friends  thought  undue  prominence 
was  given  to  the  workshop,  its  machinery,  tools,  and  especially  the 
men  who  were  to  be  employed  in  it  He  planned  wisely,  however,  for 
he  meant  to  see  to  it  that  much,  perhaps  most,  of  the  work  under  his 
direction  should  l>e  in  the  nature  of  original  investigation,  for  the  suc- 
cessful exei-ution  of  which  a  well-manned  and  equipped  workshop  is 
worth  more  than  a  storehouse  of  apparatus  already  designed  and  used 
l»y  others. 

He  shortly  found  leisure,  however,  to  plan  an  elaborate  research 
upon  the  mechanical  equivalent  of  heat,  and  to  design  and  supervise 
the  construction  of  the  necessary  apparatus  for  a  determination  of  the 
numerical  value  of  this  most  important  physical  constant,  which  he 
determined  should  be  exhaustive  in  cbarat^'ter  and,  for  some  time  to 
come,  at  least,  definitive.  While  this  woik  lacked  the  elements  of 
originality  and  boldness  of  inception  by  which  many  of  his  principal 
rc.-i<'arches  are  chanu-terized,  it  was  none  the  less  important.  While 
doing  over  iigiiin  what  others  had  done  before  him,  be  meant  to  do  it, 
and  did  do  it,  on  a  scale!  and  in  a  way  not  l)efore  attempted.  It  was  one 
of  the  tji-iot  constants  of  nature,  and,  besides,  the  experiment  was  one 
surrounded  by  difficulties  so  many  and  so  great  that  few  possessed  the 
counige  to  undertake  it  with  the  deliberate  expectation  of  greatly  excel- 
ling anything  before  accomplished.  These  things  made  it  attractive  to 
Rowland. 

The  overthrow  of  the  materialistic  theory  of  heat,  accompanied  as 
it  was  by  the  experimental  proof  of  its  real  nature,  namely,  that  it  is 
csMimtially  molecular  energy,  laid  the  foundation  for  one  of  those  two 
Ki'sat  generalizations  in  science  which  will  ever  constitute  the  glory  of 
the  nineteenth  century.  The  mechanical  equivalent  of  heat,  the  num- 
Imt  of  units  of  work  necessary  to  raise  1  pound  of  water  1*^  in  tempera- 
tiii'e.  h&i*.  with  much  reason,  been  called  the  golden  number  of  that 
century.     Its  deterniinatiun  was  begun  by  an  Amerivan,  Count  Hum- 
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ford,  and  finished  by  Rowland  nearly  a  hundred  yeai-s  later.       In  prin- 
ciple the  method  of  Rowland  was  essentially  that  of  Rumford.      Xbe  first 
determination  was,  as  we  now  know,  in  error  by  nearly  40   per  cent; 
the  last  is  probably  accurate  within  a  small  fraction  of  1   per  cent 
Rumford  began  the  work  in  the  ordnance  foundry  of  the  Glector  of 
Bavaria,  at  Munich,  converting  mechanical  energy  into  heat  by  means 
of  a  blunt  boring  tool  in  a  cannon  surrounded  by  a  definite  quantity  of 
water,  the  rise  in  temperature  of  which  could  be  measured.     Rowland 
finished  it  in  an  establishment  founded  for  and  dedicated  to  the  increase 
and  diffusion  of  knowledge,  aided  by  all  the  resources  and  rafinemeDts 
in  measurement  which  a  hundred  years  of  exact  science  had  made  pos- 
sible.    As  the  mechanical  theory  of  heat  was  the  germ  out  of  which 
grew  the  principle  of  the  conservation  of  energy,  an  exact  determina- 
tion of  the  relation  of  work  and  heat  was  necessary  to  a  rigorous  proof 
of  that  principle,  and  Joule,  of  Manchester,  to  whom  belongs  more  of 
the  credit  for  this  proof  than  to  any  other  one  man,  or,  perhaps,  to  all 
others  put  together,  experimented  on  the  mechanical  equivalent  of 
heat  for  more  than  forty  years.     He  employed  various  methods,  finally 
recurring  to  the  early  method  of  heating  water  by  friction,  improving 
on  Rumford'a  device  by  creating  friction  in  the  water  itself.     Joule's 
last  experiments  were  made  in  187$,  and  most  of  Rowland's  work  was 
done  in  the  year  following.     It  excelled  that  of  Joule,  not  only  in  the 
magnitude  of  the  quantities  to  be  observed,  but  especially  in  the  greater 
attention  given  to  the  matter  of  thermometry.     In  common  with  Joule 
and  other  previous  investigators,  he  made  use  of  mercury  thermome- 
ters, but  this  was  only  for  convenience,  and  they  were  constantly  com- 
pared with  an  air  thermometer,  the  results  being  finally  reduced  to  tba 
absolute  scale.     By  experimenting  with  water  at  different  initial  tem- 
peratures he  obtained  slightly  different  valucH  for  the  mechanical 
equivalent  of  heat,  thus  establishing  beyond  question  the  variability 
of  the  specific  heat  of  water.     Indeed,  so  carefully  and  accurately  was 
the  experiment  worked  out  that  he  was  able  to  draw  the  variation 
curve  and  to  show  the  existence  of  a  minimum  value  at  30°  C. 

This  elaborate  and  paint^taking  research,  which  is  now  classical,  was 
everywhere  awarded  high  praise.  It  was  published  in  full  by  the 
American  Academy  of  Arts  and  Sciences  with  the  aid  of  a  fund  origi- 
nally established  by  Count  Rumfoi-d,  and  in  1881  it  was  crowned  as  a 
prize  essay  by  the  Venetian  Institute.  Ita  conclusions  have  stood  the 
test  of  twenty  years  of  comparison  and  criticism. 

In  the  meantime  Rowland's  interest  had  been  drawn,  largely  per 
haps  through  his  association  with  bis  then  colleague,  Professor  Hast- 
ings, toward  the  study  of  light.  He  was  an  early  and  able  exponent 
of  Maxwell's  magnetic  theory,  and  he  published  im^mrtant  theoretical 
discussions  of  electro-magnetic  action.  Re<-ognizing  the  paramouot 
importance  of  the  spet^truni  as  a  key  to  the  solution  of  problems  id 
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ether  physics,  he  set  about  improving  the  methods  by  which  it  was 
produced  and  studied,  and  waa  thus  led  into  what  will  probably  always 
be  regarded  as  his  highet^t  scientific  achievement. 

At  that  time  the  almost  universally  prevailing  method  of  studying 
the  spectrum  was  by  means  of  a  prism  or  a  train  of  prisms.  But  the 
prismatic  spectrum  is  abnormal,  depending  for  its  character  largely 
upon  the  material  made  u.se  of.  The  normal  spectrum  as  produced  by  a 
grating  of  fine  wires  or  a  close  ruling  of  fine  lines  on  a  plane  reflecting 
or  transparent  surface  had  been  known  for  nearly  a  hundred  years, 
and  the  colors  produced  by  scratches  on  poli«hed  sui'fa<te3  were  noted 
by  Robert  Boyle  more  than  two  hundred  years  ^o.  Thomas  Young 
had  correctly  explained  the  phenomenon  according  to  the  undulatory 
theory  of  light,  and  gratings  of  fine  wire  and,  later,  of  rulings  on 
glass  were  used  by  Fraunhofer,  who  made  the  first  great  study  of  the 
dark  lines  of  the  solar  spectrum.  Imperfect  a^  thexe  gratings  were, 
Fraunhofer  succeeded  in  making  with  them  some  I'emarkahly  good 
measures  of  the  length  of  light  waves,  and  it  was  every  where  admitted 
that  for  the  most  precise  spectrum  measurements  they  were  indispen- 
sable. In  their  construction,  however,  there  were  <'ertain  mechanical 
difficulties  which  seemed  for  a  time  to  be  insuperable.  There  was  no 
si)ecial  trouble  in  ruling  lines  as  close  together  as  need  be;  indeed, 
Nobert,  who  was  long  the  most  successful  maker  of  ruled  gratings,  had 
succeeded  in  putting  as  many  as  100,000  in  the  space  of  a  single  inch. 
The  real  difficulty  was  in  the  lack  of  uniformity  of  spacing,  and  on 
uniformity  de|>ended  the  perfection  and  purity  of  the  spectrum  pro- 
duced. Nobert  jealously  guanled  his  machine  and  method  of  ruling 
gratings  as  a  trade  secret,  a  precaution  hardly  worth  taking,  for  before 
many  years  the  best  gratings  in  the  world  wore  made  in  the  United 
States. 

More  than  thirty  years  ago  an  amateur  astronomer  in  New  York  City, 
a  lawyer  by  profession,  Lewis  M.  Rutherfurd,  became  interested  in 
the  subject  and  built  a  ruling  engine  of  his  own  design.  In  this 
machine  the  motion  of  the  plate  on  which  the  lines  were  ruled  was 
produced  at  first  by  a  somewhat  complicated  set  of  levers,  for  which  a 
carefully  made  screw  was  afterwards  substituted.  Aided  by  the 
skill  and  patience  of  his  mechanician.  Chapman,  Rutherfurd  con- 
tinued to  improve  the  construction  of  his  machine  until  he  was  able  to 
produce  gratings  on  glass  and  on  speculum  metal  far  superior  to  any 
made  in  Europe.  The  best  of  them,  however,  were  still  faulty  in 
respect  to  uniformity  of  spacing,  and  it  was  impossible  to  cover  a 
space  exceeding  two  or  three  square  inches  in  a  satisfactory  manner. 
When  Rowland  took  up  the  problem,  he  saw,  as,  indeed,  others  had 
seen  )>efore  him,  that  the  dominating  element  of  a  ruling  machine  was 
the  screw  by  means  of  which  the  plat*  or  cutting  tool  was  moved  along. 
The  ruled  grating  would  repeat  all  of  the  irregularites  of  this  screw 
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and  would  be  good  or  Irad  ju»t  as  these  were  few  or  many.     The  prob- 
lem was,  then,  to  make  a  screw  which  would  be  practically  free  from 
periodic  and  other  errors,  and  upon  this  problem  a  vast  amount  of 
thought  and  experiment  had  already  been  expended.     Rowland'tj  solu- 
tion of  it  was  characteristic  of  his  genius;  there  were  no  easy  advances 
through  a  series  of  experiments  in  which  success  and  failure  miDg'led  in 
varj'ing  proportions;  "fire  and  fall  back"  was  an  order  which   he 
neither  gave  nor  obeyed,  capture  by  storm  being  more  to  his  mind. 
lie  was  by  nature  a  mechanician  of  the  highest  type,  and  he  "w^as  not 
long  in  devising  a  method  for  removing  the  irregularities  of  a  screw, 
which  astonished  everybody  by  its  simplicity  and  by  the  all  but  abso- 
lute perfection  of  its  results.     Indeed,  the  very  first  screw  aiade  by 
this  process  ranks  to-day  as  the  most  perfect  in  the  world.     But  such 
an  engine  as  this  might  only  be  worked  up  to  its  highest  efficiency 
under  the  most  favorable  physical  conditions,  and  in  its  installation 
and  use  the  most  careful  attention  was  given  to  the  elimination  of 
errors  due  to  variation  of  temperature,  earth  ti'emors,  and  other  dis- 
turbances.    Not  content,  however,  with  perfecting  the  machinery  by 
which  gratings  were  ruled,  Rowland  proceeded  to  improve  the  form 
of  the  grating  itself,  making  the  capital  discovery  of  the  concave  grat- 
ing, by  means  of  which  a  large  part  of  the  complex  and  otherwi«e 
troublesome  optical  accessories  to  the  diffraction  spectroscope  might 
be  dispensed  with.     Calling  to  his  aid  the  wonderful  skill  of  Brat^liear 
in  making  and  polisliing  plane  and  concave  surfaces,  as  well  as  the 
ingenuity  and  patience  of  Schneider,  for  so  many  years  his  intelligent 
and  loyal  assistant  at  the  lathe  and  workbench,  he  l>egan  the  manufac- 
ture and  distribution,  all  too  slowly  for  the  anxious  demands  of  the 
scientific  world,  of  those  beautifully  simple  instruments  of  precision 
which  have  contributed  so  much  to  the  advance  of  physical  science 
during  the  past  twenty  years.     While  willing  and  anxious  to  giro  the 
widest  possible  distribution  to  these  gratings,  thus  giving  everywhere 
a  new  impetus  to  optical  research,  Rowland  meant  that  the  principal 
spoils  of  the  victory  should  he  his,  and  to  this  end  he  constructed  a 
diffraction  spectrometer  of  extraordinary  dimensions  and  b^aii  bi:^ 
classical  reseai-ches  on  the  solar  spectrum.     Finding  photography  to 
be  the  best  means  of  reproducing  the  delicate  spectral  lines  shown  by 
the  concave  grating,  he  bi-came  at  once  an  ardent  student  and,  shortly, 
a  master  of  that  art.     The  outcome  of  this  was  that  wonderful  "  Pho- 
togmhic  Map  of  the  Normal  Solar  Spectrum,"  prepared  by  the  use  of 
concave  gratings  6  inches  in  diameter  and  21i  feet  radius,  which  is 
recognized  as  a  standard  everywhere  in  the  world.     As  a  natural  sup- 
plement to  this  he  directed  an  elabonit*i  investigation  of  absolute  wave- 
lengths, undertaking  to  give,  finally,  the  wave-length  of  not  only  every 
line  of  the  solar  spectrum,  but  also  of  the  bright  lines  of  the  principal 
elements,  and  a  large  part  of  this  monumental  task  is  already  com- 
pleted, mostly  by  Rowland's  pupils  and  in  his  laboratory. 
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Time  will  not  allow  further  exposidonu  of  the  important  conse- 
queaces  of  hit;  ioveDtion  of  the  ruling  engine  and  the  concave  grating. 

Indeed,  the  limitations  to  which  I  mutit  submit  compel  the  omission 
of  even  brief  luention  of  many  interesting  and  valuable  investigations 
relating  to  other  Hubjects  begun  and  finished  during  these  years  of 
activity  in  optical  research,  many  of  them  by  Rowland  himself  and 
many  of  them  by  bis  pupils,  working  out  his  suggestions  and  con- 
stantly stimulated  by  his  enthusiasm,  A  list  of  titles  of  papers 
emanating  from  the  physical  laboratory  of  the  Johns  Hopkins 
University  during  this  peried  would  show  somewhat  of  the  great 
intellectual  fertility  which  its  director  inspired,  and  would  show, 
especially,  his  continued  interest  in  magnetism  and  electricity,  leading 
to  his  important  investigations  relating  to  electric  units  and  to  his 
appointment  as  one  of  the  United  States  delegates  at  important  inter- 
national conventions  for  the  better  determination  and  definition  of 
these  units.  In  1883  a  committee  appointed  by  the  Electrical  Congress 
of  1881,  of  which  Rowland  was  a  member,  adopted  106  centimeters  as 
the  length  of  the  mercury  column  equivalent  to  the  absolute  ohm,  but 
this  was  done  against  his  protest,  for  his  own  measurements  showed 
that  this  was  too  small  by  about  three-tenths  of  1  per  cent.  His 
judgment  was  confirmed  by  the  chamber  of  delegates  of  the  Interna- 
tional Congress  of  1893,  of  which  Rowland  was  himself  president, 
and  by  which  definitive  values  were  given  to  a  system  of  international 
units. 

Rowland's  interest  in  applied  science  can  not  be  passed  over,  for  it 
was  constantly  showing  itself,  often,  perhaps,  unbidden,  an  uncon- 
scious bursting  forth  of  that  strong  engineering  instinct  which  was 
born  in  him,  to  which  he  often  referred  in  familiar  discourse,  and 
which  would  unque:^tionably  have  brought  him  great  success  and  dis- 
tinction had  he  allowed  it  to  direct  the  course  of  his  life.  Although 
everywhere  looked  upon  as  one  of  the  foremost  exponents  of  pure 
science,  his  ability  as  an  engineer  received  frequent  recognition  in  bis 
appointment  as  expert  and  counsel  in  some  of  the  most  important 
engineering  opemtiouM  in  the  latter  part  of  the  century.  He  was  an 
inventor,  and  might  easily  have  taken  first  rank  as  such  had  he  chosen 
to  devote  himself  to  that  .sort  of  work.  During  the  last  few  years  of 
his  life  he  was  much  occupied  with  the  study  of  alternating  electric 
currents  and  their  application  to  a  system  of  rapid  telegraphy  of  his 
own  invention.  A  year  ago  his  system  received  the  award  of  a  grand 
prix  at  the  Paris  Exposition,  and  only  a  few  weeks  after  his  death  the 
daily  papers  published  cablegrams  from  Berlin  announcing  its  com- 
plete success  as  tested  between  Berlin  and  Hamburg,  and  also  the 
intention  of  the  German  postal  department  to  make  extensive  use 
of  it. 

But  behind  Rowland,  the  profound  scholar  and  original  investigator, 
the  engineer,  mechanician,  and  inventor,  was  Rowhindthe  man,  and  any  i 
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estimate  of  his  influence  in  pix>iiioting  the  interests  of  phruical  sciemv 
during  the  la^t  quarter  of  the  nineteenth  century  would  be  quite  inade- 
quate if  not  niade  from  that  point  of  view.     Horn  at  Honesdale,  Penn- 
sylvania, on  November  27,  1848,  he  bad  the  misfortune,  at  the   age  of 
11  years,  to  lose  h'ln  fatbei'  by  death.     This  loss  was  made  gocxl,  as  far 
aii  it  is  possible  to  do  uo,  by  the  loving  care  of  mother  and  sisters  dur- 
ing the  years  of  his  boyhood  and  youthful  manhood.     From  his  father 
he  inherited  his  love  for  scientitic  study,  which  from  the  very  first 
seems  to  have  dominated  all  of  his  aspii-ations,  directing  and  controll- 
ing most  of  his  thoughts.     His  father,  grandfather,  and  great-grand- 
fatber  were  all  clergymen  and  gi-aduates  of  Yale  College.     His  father, 
who  i«  described  as  one  "interested  in  chemistry  and  natural   philoso- 
phy, a  lover  of  nature  and  a  successful  trout  fisherman,"  had  felt,  in 
his  early  youth,  some  of  the  desires  and  ambitions  that  afterwards 
determined  the  career  of  bis  distinguished  son,  but  yielding,  no  douM, 
to  the  influence  of  family  tradition  and  desire,  he  followed  the  lead  of 
his  ancestors.     It  is  not  unlikely,  and  it  would  not  have  been   unrea- 
sonable, that  similar  hopes  were  entertained  in  r^fard  to  the  future  of 
)-oung  Henry,  and  his  preparatory  school  work  was  arranged  with  this 
in  view,     liefore  l)eing  sent  away  from  home,  however,  he  had  quite 
given  himself  up  to  chemical  experiments,  glass  blowing,  and  other 
similar  occupations,  and  the  members  of  his  family  were  often  sum- 
moned by  the  enthusiastic  boy  to  listen  to  lectures  which  were  folly 
illustrated  by  experiments,  not  always  free  from  prospective  danger. 
His  spare  change  was  invested  in  copjjer  wire  and  the  like,  and  his 
tirst  tive-dollar  bill  brought  him,  to  his  inlinite  delight,  a  small  gal- 
vanic battery.     The  sheets  of  the  New  York  Observer,  a  treasured 
family  newspaper,  he  converted  into  a  huge  hot-air  balloon,  which,  to 
the  astonishuient  of  his  family  and  friends,  made  a  brilliant  ascent  and 
flight,  coming  to  rest,  at  last,  and  in  flames,  on  the  roof  of  a  neighbor- 
ing house,  and  resulting  in  the  calling  out  of  the  entire  fire  depart- 
ment of  the  town.     When  urged  by  his  boy  friends  to  hide  himself 
from  the  rather  threatening  cousetjuences  of  his  first  experiment  in 
aei-onautic.-*,  he  courageously  marched  himself  to  the  place  where  his 
balloon  had  fallen,  saying,  *'  No,  I  will  go  and  see  what  dam^^  I  have 
done."     When  a  little  more  than  16  years  old,  in  the  spring  of  1865, 
he  was  sent  to  Phillips  Academy  at  Andover  to  be  fitted  for  entering 
the  academic  course  at  Yale.     His  time  there  was  given  entirely  to  the 
study  of  Latin  and  Greek,  and  he  was  in  every  way  out  of  hai-mony 
with  his  environuient.     He  seems  to  have  quickly  and  thoroughly 
appreciated  this  fact,  and  his  very  first  letter  from  Andover  is  a  cry 
for  relief.     "Oh,  take  me  home."  is  the  boyish  scrawl  covering  the 
last  page  of  that  letter,  on  another  of  which  he  -says,  "  It  is  simply 
horrible;  1  can  never  get  on  here."     Itv/w*  not  that  he  could  not  learn 
Latin  and  (ireek  if  he  was  so  minde<l,  bnt  thi**  *■-  '"•'  'ong  ago  become 
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wholly  absorbed  in  the  love  of  nature  and  in  the  «tudy  of  nature's 
laws,  and  the  whole  situation  was  to  his  ambitious  spirit  most  artificial 
and  irksome.  Time  did  not  soften  his  feelings  or  lessen  his  desire  to 
escape  from  such  uncongenial  surroundings,  and,  at  his  own  request, 
Dr.  Farrand,  principal  of  the  Academy  at  Newark,  New  Jersey,  to 
which  city  the  family  had  recently  moved,  wa^  consulted  as  to  what 
ought  to  be  done.  Fortunately  for  everybody,  his  advice  was  that  the 
boy  ought  to  be  allowed  to  follow  his  bent,  and,  at  his  own  suggestion, 
he  was  sent,  in  the  autumn  of  that  year,  to  the  Rensselaer  Polytechnic 
Institute  at  Troy,  where  he  remained  five  years,  and  from  which  he 
was  graduated  m  a  civil  engineer  in  1870. 

It  i-s  unnecessary  to  say  that  this  change  was  joyfully  welcomed  by 
young  Kowland.  At  Andover  the  only  opportunity  that  had  offered 
for  the  exercise  of  his  skill  as  a  mechanic  was  in  the  construction  of  a 
somewhat  complitatt^  device  by  means  of  whi<ih  he  outwitted  some  of 
his  .schoolmates  in  an  early  attempt  lo  haze  him,  and  in  this  he  took  no 
little  pride.  At  Tr<)y  he  gave  loow  rein  to  his  ardent  desires,  and  his 
career  in  science  may  almost  Iw  said  to  Iwgin  with  his  entrance  u|jon 
his  work  thei-e  and  before  he  was  17  year.,  old. 

He  made  immediate  use  of  the  opjwrtunities  afforded  in  Troy  and  its 
neighborhood  for  the  examination  of  machinery  and  manufacturing 
processes,  and  one  of  his  earliest  lettei-s  to  his  friends  contained  a  clear 
and  detailed  description  of  the  operation  of  making  railroad  iron,  the 
rolls,  shears,  saws,  and  other  special  machines  being  represented  in 
uncommonly  well-executed  pen  di-awings.  One  can  easily  see  in  this 
letter  a  full  confirmation  of  a  statement  that  he  occasionally  made 
later  in  life,  namely,  that  he  had  never  seen  a  machine,  however  com- 
plicated it  might  be,  whose  working  he  could  not  at  once  t^omprehend. 
In  another  letter,  written  within  a  few  weeks  of  his  arrival  in  Troy, 
he  shows  in  a  remarkable  way  his  power  of  going  to  the  n>ot  of  things, 
which  even  at  that  early  age  was  sufficiently  in  evidence  to  mark  him 
for  future  distinction  as  a  natural  philosopher.  On  the  river  he  saw 
two  lioats,  ei|uipped  with  steam  pumps,  engaged  in  trying  to  raise  a 
half-sunken  canal  Ixiat  by  pumping  the  water  out  of  it.  He  described 
engines,  pumps,  etc.,  in  much  detail,  and  adds,  *'But  there  was  one 
thing  that  I  did  not  like  about  it;  they  had  the  end  of  their  dischat^ 
pipe  about  10  feet  above  the  water,  so  that  they  had  to  overcome  a 
pressure  of  about  H  pounds  to  the  square  inch  to  raise  the  water  so 
high,  and  yet  they  let  it  go  after  they  got  it  there,  whereas  if  they 
had  attached  a  pipe  to  the  end  of  the  discharge  pipe  and  let  it  hang 
down  into  the  water,  the  pressure  of  water  on  that  pipe  would  just 
have  balanced  the  5  pounds  to  the  square  inch  in  the  other,  so  that  they 
could  have  used  latter  pumps  with  the  same  engines  and  thus  have 
got  more  water  out  in  a  given  time." 

The  facilities  for  learning  physics,  in  hiaday,at  theBeoaaelaerPoly- 
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technic  Institute  were  none  of  the  best,  a  fact  which  ia  made  the  sub- 
ject of  keen  criticism  in  hiij  home  correspondence,  but  he  made  the 
most  of  whatever  was  available  and  created  opportunity  where  it  was 
lacking.     The  use  of  a  turning  lathe  and  a  few  tools  being  allowed,  be 
spent  all  of  his  leisure  in  designing  and  constructing  phy-HicHl  Appa- 
ratus of  various  kinds,  with  which  he  experimented  continually.      AN 
of  bis  spare  money  goes  into  this  and  he  is  always  wishing  he  had  niore. 
While  he  pays  without  grumbling  his  share  of  the  expense  of  a  ciasn 
supper,  he  can  not  help  declaring  that  "it  is  an  awful  pritie   for  one 
night's  pleasure;  why,  it  would  huy  another  galvanic  battery.''      Dur- 
ing these  early  years  his  pastime  was  the  study  of  magnetism  and  elec- 
tricity, and  his  lack  of  money  for  the  purchase  of  insulated  wire  for 
electro-magnetic  apparatus  led  him  to  the  invention  of  a  method  of 
winding  naked  copper  wire,  which  was  later  patented  by  some  one 
else  and  made  much  of.     Within  six  months  of  his  entering  the  insti- 
tute he  had  made  a  delicate  balance,  a  galvanometer,  and  an  electrom- 
eter, besides  a  small  induction  roil  and  several  minor  pieces.      A  few 
weeks  later  he  announces  the  finishing  of  a  Ruhmkorff  coil  of  consid- 
erable power,  a  source  of  much  delight  to  him  and  to  his  friends.     In 
December,  18ti6,  he  began  the  construction  of  a  small  but  elaborately 
designed  .steam  engine  which  ran  perfectly  when  completed  and   fur- 
nished power  for  his  experiments,     A  year  later  he  is  full  of  enthusi- 
asm over  an  investigation  which  he  wishes  to  undertake  t«  explain  the 
production  of   electricity  when  water  comes  in  contact  with   red-hot 
iron,  which  he  attributes  to  the  decomposition  of  a  part  of  the  water. 
Along  with  all  of  this  and  much  more  he  maintains  a  good  standing  in 
his  regular  work  in  the  institute,  in  some  of  which  he  is  naturally  the 
leader.     He  occasionally  writes:  "  I  am  head  of  my  class  in  mathemat- 
ics;" or  "1  lead  the  class  in  natural  philosophy;"  but  official  records 
show  that  he  was  now  and  then  "conditioned"  in  subjects  in  which  he 
had  no  special  interest.     As  early  as  1868,  before  his  20th  birtbdny. 
he  decided  that  he  must  devote  his  life  to  science.     While  not  doubt- 
ing his  ability  "to  make  an  excellent  engineer,  "as  he  declares,  he 
decides  against  engineering,  saying:  "You  know  that   from  a  child 
I    have  been  extremely    fond  of  experiment;   this  liking  instead  of 
decreasing  has  gradually  grown  upon  me  until  it  has  become  a  part  of 
my  nature,  and  it  would  be  folly  for  me  to  attempt  to  give  it  up;  and 
I  don't  see  any  reason  why  1  should  wish  it,  unless  it  be  avarice,  for  1 
never  expect  to  be  a  rich  man.     I  intend  to  devote  myself  bereitfter 
to  science.     If  she  gives  me  wealth,  1  will  receive  it  as  coming  from  ft 
friend;  but  if  not,  1  will  not  murmur." 

He  realized  that  hie  opportunity  for  the  pursuit  of  acience  was  in 
becoming  a  teacher;  but  no  opening  in  this  direction  presenting  ituelft 
he  spent  the  first  year  after  graduation  in  the  field  as  a  civil  engineer. 
This  was  followed  by  a  not  very  inspiring  experience  as  inetnictor  in 
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natural  science  id  a  Western  college,  where  be  acquired,  however, 
experience  and  useful  discipline. 

In  the  spring  of  1872  he  returned  to  Troy  aa  instructor  in  physics, 
on  a  salary  the  amount  of  which  he  made  conditional  on  the  purchase 
by  the  institute  of  a  certain  number  of  hundreds  of  dollars'  worth  of 
physical  apparatus.  If  they  failed  in  this,  a^t  afterwards  happened, 
his  pay  was  to  be  greater,  and  he  strictly  held  them  to  the  contract. 
His  three  years  at  Troy  as  instructor  and  assistant  professor  were 
busy,  fruitful  years.  In  addition  to  his  regular  work  he  did  an  enor- 
mous amount  of  study,  purchasing  for  that  purpose  the  most  recent 
and  most  advanced  lH>oks  on  mathematics  and  physics.  He  built  his 
I'lectro-dynamometer  and  carried  out  his  first  great  research.  As 
already  stated,  this  quickly  brought  him  reputation  in  Europe  and 
what  he  prized  quite  as  highly,  tlie  personal  friendship  of  Maxwell, 
whose  ardent  admirer  and  champion  be  remained  to  the  end  of  his  life. 
In  April,  1875,  he  wrote:  "  It  will  not  be  very  long  before  my  reputa- 
tion reaches  this  country;"  and  be  hoped  that  this  would  bring  him 
opportunity  to  devote  more  of  bis  time  and  energy  to  original  research. 

This  opportunity  for  which  be  so  much  longed  was  nearer  at  hand 
tliiin  be  imagined.  Among  the  members  of  the  visiting  board  at  the 
West  Point  Military  Academy  in  June,  1875,  was  one  to  whom  had 
come  the  splendid  conception  of  what  was  to  be  at  once  a  revelation 
and  a  revolution  in  methods  of  higher  education.  In  selecting  the 
first  faculty  for  an  institution  of  learning  which  within  a  .single  dec- 
ade was  to  set  the  pace  for  real  university  work  in  America,  and 
whose  influence  was  to  be  felt  in  every  school  and  college  of  the  land 
before  the  end  of  the  first  quarter  of  acentury,  Dr.  Oilman  was  guided 
by  an  instinct  which  more  than  all  else  insured  the  success  of  the  new 
entf iprise.  A  few  T^ords  about  Rowland  from  Professor  Michie,  of 
ihe  Military  Academy,  led  to  his  being  called  to  \Ve~st  Point  by  tele- 
j,'raph,  and  on  the  banks  of  the  Hudson  these  two  walked  and  talked, 
■■  he  telling  me,"  Dr.  Gilman  has  said,  "  his  dreams  for  science  and  I 
telling  him  my  dreams  for  higher  education."  Rowland,  with  char- 
acteristic frankness,  writes  of  this  interview:  "Professor  Gilman  was 
very  much  pleased  with  me;"  which,  indeed,  was  the  simple  truth. 
The  engagement  was  quickly  made.  Rowland  was  sent  to  Europe  to 
.study  laboratories  and  purchase  apparatus,  and  the  rest  is  history 
alreiidy  told  and  everywhere  known. 

Rowland's  personality  was  in  many  respects  remarkable.  Tall, 
erect,  and  lithe  in  figure,  fond  of  athletic  sports,  there  was  upon  his 
face  a  certain  look  of  severity  which  was,  in  a  way,  an  index  of  the 
exacting  standard  he  set  for  himself  and  others.  It  did  not  conceal, 
however,  what  was,  after  all,  bis  most  striking  characteristic,  namely, 
a  perfectly  frank,  open,  and  simple  straightforwardness  in  thought,  in 
speech,  and  in  action.     His  love  of  truth  held  him  in  supreme  control, 
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and,  like  Galileo,  he  had  no  patience  with  those  who  try  to  make  thing; 
appear  otherwise  than  as  they  actually  are.  Hie  criticisms  of  tix 
work  of  others  were  keen  and  merciless,  and  ttometimes  there  remained 
a  sting  of  which  he  himself  had  not  the  slightest  suspicion.  ' '  I  would 
not  have  done  it  for  the  world,"  he  onc^e  said  to  me  after  bein^  told 
that  his  pitiless  criticism  of  a  st^ientific  paper  had  wounded  the  feeling 
of  ite  author.  As  a  matter  of  fact,  be  was  warm-hearted  and  generous, 
and  his  occasionally  seeming  otherwise  was  due  to  the  complete  separs- 
tion,  in  his  own  mind,  of  the  product  and  the  personality  of  the  autlior. 
He  possessed  that  rare  power,  habit  in  bis  case,  of  seeing  himself,  not 
as  others  see  him,  but  as  he  saw  others.  He  looked  at  himself  and 
his  own  work  exactly  as  if  he  had  been  another  person,  and  tbiit  gave 
rise  to  a  franknese  of  expression  regarding  his  own  performance 
which  sometimes  impressed  strangers  unpleasantly,  but  which,  to  hii' 
friends,  was  one  of  his  most  charming  qualities.  Much  of  his  sucoes.'^ 
as  an  investigator  was  due  to  a  firm  confidence  in  his  own  powers,  and 
in  the  unerring  course  of  the  logic;  of  s<;icnce  which  inspired  him  to 
cling  tenaciously  to  an  idea  when  once  he  had  given  it  a  place  in  bis 
mind.  At  a  meeting  of  the  National  Academy  of  Sciences  in  the 
early  days  of  our  knowledge  of  electric  generators  he  read  a  paper 
relating  to  the  fundamental  principle.-!  of  the  dynamo.  A  gentleman 
who  had  had  large  experience  with  the  piiictical  working  of  dynamw 
listened  to  the  paper,  and  at  the  end  said  to  the  academy  that  unfor- 
tunately practice  directly  contradicted  Professor  Rowland's  theory,  lo 
which  instantly  replied  Rowland,  "So  much  the  worse  for  the  prac- 
tice," which,  indeed,  turned  out  to  be  the  case. 

Like  all  men  of  real  genius,  he  had  phenomenal  capacity  for  con- 
centration of  thought  and  effort.  Of  this,  one  who  was  long  and 
intimately  associated  with  him  remarks,  "  I  can  remember  cases  when 
he  appeared  as  if  drugged  from  mere  inability  to  recall  his  mind  from 
the  pursuit  of  all-absorbing  problems,  and  he  had  a  triumphant  joy  i" 
intellf^ctual  achievement  such  as  we  would  look  for  in  other  men  only 
from  the  gratifiuition  of  an  elemental  passion."  So  completely  con- 
sumed was  he  by  fires  of  his  own  kindling  that  he  often  failed  to  gi^^ 
due  attention  to  the  work  of  others,  and  some  of  his  public  utterances 
give  evidence  of  this  curious  neglect  of  the  historic  side  of  his  subject. 

As  a  teacher  his  position  wa.-*  quite  unique.  Unfit  for  the  ordinary 
routine  work  of  the  class  room,  he  taught,  a^  more  men  ought  to  tescb. 
by  example  rather  than  by  precept.  Says  one  of  his  most  eminen' 
pupils,  '"Even  of  the  more  advanced  students  only  those  who  were 
able  to  brook  severe  and  searching  criticism  reaped  the  full  benefit 
of  being  under  him,  but  he  contributed  that  which,  in  a  uDiversity* 
is  above  all  teaching  of  routine — the  spectacle  of  scientific  work 
thoroughly  done  and  the  example  of  a  lofty  ideal." 

Ketuniing  home  about  twenty  years  ago,  after  an  expatriation  ot 
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several  years,  and  wishing  to  put  my-'^elf  in  touch  with  the  development 
of  methods  of  instiniction  in  phyaicn,  and  especially  in  the  equipment 
of  physical  laboratories,  I  visited  Rowland  very  soon  after,  as  it  hap- 
pened, the  making  of  his  fifi^t  sucoesHful  negative  of  the  solar  spectrum. 
That  he  was  completely  absorbed  in  his  suwess  was  quite  evident,  but 
be  also  seemed  anxious  to  give  me  such  information  as  1  sought.  I 
questioned  him  as  to  the  number  of  men  who  were  to  work  in  his 
laboratory,  and,  although  the  college  year  had  already  t)egun,  he  ap- 
peared to  be  unable  to  give  even  an  approximate  answer.  "And  what, 
will  you  do  with  them?"  I  said.  "Do  with  them?"  he  replied,  rais- 
ing the  still  dripping  negative  so  as  to  get  a  better  light  through  its 
delicate  tracings,  "  Do  with  them  i  I  shall  neglect  them."  The  whole 
situation  was  intensely  characteristic,  revealing  him  as  one  to  whom 
the  work  of  a  drillmaster  was  impossible,  but  ready  to  lead  those  who 
would  be  led  and  could  follow.  To  be  neglected  by  Rowland  was 
often,  indeed,  more  stimulating  and  inspiring  than  the  closest  personal 
supervision  of  men  lacking  his  genius  and  magnetic  fervor. 

In  the  fullness  of  his  powers,  recognized  as  America's  greatest 
physicist,  and  one  of  a  very  small  group  of  the  world's  most  eminent, 
he  died  on  April  16,  lilOl,  from  a  disease  the  relentless  progress  of 
which  he  had  realized  for  several  years  and  opposed  with  a  splendid 
but  quiet  courage. 

It  was  Rowland's  good  fortune  to  receive  recognition  during  his  life 
in  the  bestowal  of  degrees  by  higher  institutions  of  learning;  in  elec- 
tion to  membership  in  nearly  all  scientific  societies  worthy  of  note  in 
Europe  and  America;  in  being  made  the  recipient  of  medals  of  honor 
awarded  by  these  societies,  and  in  the  generously  expressed  words  of 
his  distinguished  co  itemporaries.  It  will  be  many  years,  however, 
before  full  measure  can  be  had  of  his  influence  in  promoting  the  inter- 
C!<ts  of  physic'al  Hcience,  for  with  his  own  brilliant  career,  sufficient  of 
itself  to  excite  our  profound  admiration,  must  be  considered  tliat  of  a 
host  of  other,  younger,  men  who  lighted  their  torches  at  his  flame 
and  who  will  reflect  honor  upon  him  whose  loss  they  now  mourn  by 
passing  on  something  of  his  unquenchable  enthusiasm,  something  of 
his  high  regard  for  pure  intellectuality,  something  of  his  love  of 
truth  and  his  sweetness  of  character  and  disposition. 
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